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Installation of the QUIC system

There are versions of QUIC for 32- and 64-bit Windows XP and Windows 7, 64-bit
Linux, and 64-bit Intel Mac OS X. Several users have reported that QUIC also runs on
Windows Vista, but it is not officially supported at this time due to LANL computer
policy. Note that the 64-bit versions allow the QUIC transport and dispersion codes to
access greater than 2 GB of RAM and thus larger problems can be run.

QUIC comes in two flavors: one that runs inside of Matlab® and the other that runs
standalone as an executable. In theory, both versions should run identically. The Matlab
version, known as the P-code version of QUIC, has the advantage of being easy to install
(see instructions below), but it does require a Matlab software license. Note that Matlab
7.9 or later should be used to guarantee that the GUI functions properly. In addition, note
that several routines require Matlab’s Mapping Toolbox and Image Processing Toolbox.

The standalone executable version allows the user to run QUIC without a Matlab license
and without purchasing extra toolboxes. Another advantage of the standalone version is
that it requires less computer memory since Matlab does not need to be run
simultaneously. The disadvantage is that the installation is more complicated (see
instructions next page) and one needs to download a large (but free) Matlab library file.

More information about the Matlab software can be found at:

http://www.mathworks.com

QUIC is available for non-profit research purposes. Contact either Michael Brown
(mbrown@lanl.gov) or Matt Nelson (nelsonm@]lanl.gov) to find out if you are eligible to
obtain the code.

Installation instructions:

1) In your web browser, navigate to the QUIC web site at

http://www.lanl.gov/projects/quic/index.html

2) Click on the “downloads” tab and enter your user name and site password.

P-Code version of QUIC

3) Follow the instructions on the web page and download the QUIC pcode.zip file to
your computer.

4) Using the zip file password, unzip the QUIC pcode.zip file into any directory on your
computer. You are now ready to run QUIC!



Standalone Executable Version of QUIC

For the executable version of QUIC, you need to download two items: the Matlab
Component Runtime (MCR) installer file and the QUIC archive package. The former
contains Matlab libraries that are required for the graphical user interface to function

properly.

3) From the link on the QUIC web page, download the latest Matlab Component Runtime
(MCR) installer file for the Windows, Linux, or Mac OS X platform.

4) Unzip the MCR installer file for your system.

32- and 64-bit Windows
5) Double click on the MCR installer file and follow the instructions of the install wizard.

6) Create a QUIC folder in the desired location and extract the contents of the QUIC
archive package into it.

64-bit Linux
5) After downloading the MCR installer file for Linux, change the permissions of the file
to make it executable.

6) As root, run the MCR installer file from a terminal and follow the instructions of the
installation wizard. Use the default install location if you wish to use the simplified
launching procedure described immediately below.

In order to use the simplified installation of QUIC on Linux you will need to follow these
instructions:
1. Create a directory named “QUIC” in your home directory.

i1.  Extract the contents of the QUIC archive package into the QUIC directory. The
contents of the directory should now be as shown below:

) QuiC-FheBrowser - B%X

Fle Edt View Go Bookmarks Help

readme txt




iii.  Now drag the QUIC.command file onto your Panel. This will launch the Create
Launcher window.

| 4 Create Launcher x
Type: ‘ Application :l
No Icon

Name: [QUIC| ]

Command: ‘Ihomelmnelson/QUIC/Ql lﬁrowse...

Comment: ‘ ]

‘ & Help ’ ‘ ¥ Cancel ] ‘ ok J

a.

iv.  Enter the name of the launcher link (i.e., QUIC) and click on the “No Icon” button
and then the “Browse” button in the Browse Icons window to navigate to the
QUICicon.png file included in the archive package.

]’ ) Browse icons x|

| mome/mnelson/Quic

.
QUICicon.p
ng

}xgancelH & ok 7‘

a.

v.  Select the QUICicon.png file and press “OK” in both the Browse Icons and the
Create Launcher windows. This will create a launcher icon in your panel as seen
below:

@) Applications Places System %@Q@ @ : ltyr:

QUIC - File Browser

File Edit View Go Bookmarks Help
/ P4 3N =) =\

vi.  To launch QUIC simply click on the icon on your panel. All of the environment
variables are automatically set at launch time by the shell scripts.



64-bit Intel Mac
5. Change the permissions of the MCR installer file to make it executable.

6. Double click on the MCRinstaller MACI.dmg file and follow the instructions of the
installation wizard. Use the default install location if you wish to use the simplified
launching procedure described immediately below.

In order to use the simplified installation of QUIC on Mac OS X you will need to follow
these instructions:
1. Create a directory named “QUIC” in your Applications directory.

i1.  Extract the contents of the QUIC archive package into the QUIC directory. The
contents of the directory should now be as shown below:

800 Cauic =
<|» = | (D | e & = © Q

¥ DEVIC
Seers - -
3 da
B iisk attenuation_coeff.lib building_infiltration.lib copyright.txt DatalmportDefaults.dat
2 VLinux6
il | - - -
SHARES [oe— —
B sdivprojects.., & default_options.info default_QP_output_files.inp executables Glsdata
-7z
8 agpmgtp3el pro— S — S —
B iz — - — -
8 agpmgtp3e3
—REE mage landuse.lio material_library projects
9 acpmgrsp2
2 - 4 w

ACES
I3 Deskeop Quic QuIC.app QUIC.comman d Q Pl
4 mnelson
A Applications
1 Documents. . oy
» SEARCH FOR readme.txt run_QUIC.sh
2 Macintosh HD » (3 Applications » (1) QUIC

iii.  Now drag the QUIC.command file onto your dock. This will create a launcher
icon in your dock as seen below:

QUIC.command

mm n

iv.  To launch QUIC simply click on the icon on your dock. All of the environment
variables are automatically set at launch time by the shell scripts.



What is QUIC?

QUIC stands for the Quick Urban & Industrial Complex (QUIC) dispersion modeling
system. QUIC is a fast response urban dispersion model that runs on a laptop. QUIC is
comprised of a 3D wind field model called QUIC-URB, a transport and dispersion model
called QUIC-PLUME, and graphical user interface called QUIC-GUI. QUIC also
includes QUIC-PRESSURE to solve for pressure fields in and around buildings, a
population exposure assessment tool called QUIC-POP, and an indoor infiltration
calculator for computing indoor concentrations. Transport and dispersion for different
types of airborne contaminants can be computed on building to neighborhood scales in
tens of seconds to tens of minutes. QUIC will never give perfect answers, but it will
account for the effects of buildings in an approximate way and provide more realism than
non-building aware dispersion models.

QUIC-URB

QUIC-URB is a fast response model for computing flow fields around buildings. It uses
empirical algorithms and mass conservation to quickly compute 3D flow fields around
building complexes. The underlying code is based on the work of Rockle (1990).
Improvements to the original model are described in Bagal et al. (2003), Pol et al. (2006),
Nelson et al. (2008), and Nelson et al. (2009), and Brown et al. (2009). Evaluation studies
of QUIC-URB have been performed by Pardyjak & Brown (2002), Bowker et al. (2004),
Clark and Klein (2006), Singh et al. (2008), and Neophytou et al. (2010). Below is an
example QUIC-URB output showing streamlines near street level in Lower Manhattan.

Streamlines in the X-Y plane showing how the air near street
level flows around buildings in Lower Manhattan.
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A simple computational fluid dynamics code called QUIC-CFD has been added to QUIC
as a wind solver option. Although it is significantly slower than QUIC-URB, it should

yield more realistic wind field solutions.

turbulence model with a diagnostic turbulent length scale and the name of solution
scheme (based on Chorin). The code has been evaluated by Gowardhan et al. (2010) and
Neophytou et al. (2010). An example of the wind field produced by the model is shown
below.

than traditional CFD codes, Gowardhan et al. (2010) used a simple one-equation

QUIC-CFD
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central downtown Oklahoma City (Joint Urban 2003 Field Experiment, IOP2).

Predicted (in black) and measured (in red) 30-minute-averaged near-surface winds in



QUIC-PLUME

QUIC-PLUME is a Lagrangian random-walk dispersion model for computing
concentration and deposition fields around buildings. It has been adapted to work in the
inhomogeneous environment of cities. It includes reflection terms for building and street
surfaces and has more terms than the normal random-walk model in order to account for
the 3D gradients in turbulent and mean flow fields. The dispersion of aerosols and gases
can be simulated, including deposition, gravitational settling and decay. Buoyant rise for
explosive releases and dense gas heavier-than-air releases are also treated. Algorithms
have been developed to account for droplet evaporation and gas-droplet two-phase
plumes. The code has been tested for both idealized and real-world cases (e.g., Zajic et
al., 2010; Brown et al., 2009; Allwine et al., 2008; Gowardhan et al., 2006; Williams et
al., 2004). See Williams et al. (2004) for more information on the specifics of the code.

_
/3 " z

release

Example output from the QUIC-PLUME model showing
a contour plot of concentrations in the X-Y plane for a region in Boston.



QUIC-PRESSURE

Using the mean 3D velocity field produced by QUIC-URB, QUIC-PRESSURE solves for
the 3D pressure fields through use of the pressure Poisson equation. Since only mean
velocities are used in the computations, all turbulent contributions to the pressure field
are neglected. More details on the pressure solver equations and evaluation studies can
be found in Gowardhan et al. (2006), Brown et al. (2007), and Gowardhan et al. (2010).

The image above shows the surface pressure coefficient for the Salt Lake City domain
along with the near surface streamlines. The wind and pressure fields were created in 67
seconds and 45 seconds, respectively, using a 2.5 GHz Pentium 4 processor.



QUIC-INDOOR

QUIC-INDOOR allows the user to approximate concentrations inside of buildings from
an outdoor release. The methodology is based on Hall et al. (2000) and has been
modified by Werley (2007) to account for filtration systems, indoor deposition, agent
decay, air recirculation, and exfiltration. The approach is very simplified in that
buildings are treated as well-mixed volumes and infiltration and air intake locations are
not based on real building information, but rather an array of points on each building face
spaced at the grid cell resolution. QUIC-INDOOR comes with a default list of building
types (e.g., leaky or air tight residential, old office with open or closed windows, modern
office with HEPA filter) that contain different leakiness and filtration efficiency
parameters based on Chan et al. (2003), Chan et al. (2004) and Persily and Gorfain
(2004). Since QUIC can track particles of different sizes, the filtration scheme accounts
for size-dependent filtration efficiencies and size dependent deposition. QUIC-INDOOR
is a sub-routine inside of the QUIC-PLUME model.

Conceriration at Z = § (meters) Time = 300 (sec) 00 (se<)

1500 Concertration at Z = 5 (meters) Tin:

g

0.001
0.0001
16-05
- 1e-08
7
o5 0 | L - WL e -
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16-08

1e-10

0.001
0.0001

1e-05

1e-08
1600

1e-10

Outdoor and indoor concentrations at 5, 10, 20, and 120 minutes after the outdoor
release. After 20 minutes the plume has nearly traveled out of the downtown area, but
indoor concentrations remain long after the plume has gone.
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QUIC-POP

QUIC-POP utilizes the 2005 LANL Day-Night Population Database (McPherson and
Brown, 2003; McPherson et al., 2006) to compute population exposures. The database
comes packaged with QUIC in the GISdata folder inside of the QUIC code folder. The
population database contains population numbers for the entire continental US at roughly
250 m resolution. The nighttime population is a slightly modified version of the US
Census Bureau database and represents residential population. The daytime database
includes the worker and daytime residential population. Note that there are numerous
limitations to the database, including no school, in-transit, special event, or tourist
populations (see McPherson et al. (2006) for further details).

After computing the plume transport and dispersion, QUIC-POP allows for relatively
easy calculation of the number of people exposed to different user-specified thresholds of
concentration, dosage, or deposition flux. In addition, QUIC-POP contains a volume-
based algorithm for attributing people to buildings, allowing for estimates of indoor
population exposures. The image below shows an example of population exposed due to
an accidental release of ammonia.

=
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Total Population /Exposed Population (peopiesm?®)

A chemical release resulted in a subset of the population in the domain being exposed
above a threshold value (colored regions). In this example, exposed population in
persons per km® was computed for both outdoor population and indoor population.
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QUIC-GUI

The QUIC-GUI is the graphical user interface that allows one to set-up problems, run the
wind and dispersion codes, and visualize results. The rest of this document describes

how to use the QUIC-GUI.

12



Starting the QUIC-GUI

P-Code Version
a) Launch Matlab®

Make the Matlab working directory the folder containing the QUIC files. Set the
Current Directory to the folder named “code” or “pcode”.

lE""QUIcm"t"'c"de‘\vLE]@\ directory containing QUIC files

b) On the Matlab® Command Line type “quic”.

i*\mmand Window

>> quic

¢) The QUIC-GUI Main Window will now show up (as shown below on the next
page.

Standalone Executable Version

a) On Windows systems

1) Navigate to <QUICroot>\code
i1) Double click on the QUIC exe file to bring up the QUIC-GUI Main Window.

b) On Mac OS X and Linux systems

1) Open a command terminal
1) Navigate to <QUICroot>/code
111) Type “quic.exe” to bring up the QUIC-GUI Main Window.

13



The QUIC-GUI Main window will open. This screen contains, from left to right, buttons
for creating, opening and saving projects, specifying the input parameters for the QUIC-
URB wind model (building layout and meteorological inflow), running QUIC-URB,
specifying the input parameters for the QUIC-PLUME dispersion model (source term
specification, concentration grid setup, and random-walk parameters), running QUIC-
PLUME, visualizing the model output, exporting data, computing pressure fields, and
estimating population exposure.

The sequence of steps in setting up and running the QUIC models proceeds from left to
right (City Builder > Met Builder > QUIC-URB > Source Term > Grid Setup > QUIC-
Plume). Buttons are grayed-out (deactivated) until the prior steps are completed. The
Vis-GUI becomes activated once output is produced by the QUIC-URB wind model.

File Tools Options

2|o|n| 0|@|-| H|E oo o]
Summary - = = =
T Project \ew Project v [-]| Run Both v Grid(s)

Now a new project needs to be created or an existing project needs to be opened.
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Creating a new project

A new project can be created in one of two ways when first starting the QUIC software:

the first is to click the “Save” E‘ button immediately after start up, while the second

is to proceed directly to the City Builder j and the user will be prompted to save the

project upon exiting from the City Builder.

e In either case, a pop-up window will open:

QUIC Project

Save in: | I projects
Recent

Desktop

My Documents

8
My Computer
o
My Network. File name:

Places
Save as type:

PIX)
s e ®ekE
I Ll Save I
[ ¢ proi) ~| Cancel

e In the pop-up window select the folder into which you want to save your project.
A convenient choice is the QUICroot/projects directory. However, project files
can be saved in any folder on your computer. Below is an example folder

structure:

15



QUIC Project ?IX
Savein: I‘_) projects Ll & ER-
/‘, irjexamplejroject
Recent
2
Desktop
My Documents
—t
?‘1‘\
My Computer
-
MyPNe!work File name: I!est j Save I
laces
Saveastype: | [*proj) ~| Cancel

e Type in the file name (note: this name will also be used to name your project

folder). Then press ‘Save’. A project folder will be created which contains project

files (*.proj) and the nested grid project subfolders.

e The last directory where a project was saved is written into the

default options.info file located in the pcode folder and the GUI will use this

location as the default projects folder the next time that it is opened.

If the user is already working on a project and wants to start a new project, the “New

Project” i‘ button can be clicked and the existing project will be removed from GUI
memory and all values will be set to their default value (note that you can lose the

existing project, if you have not previously saved the project).

Optional Step:

Press the “Summary” arrow icon on the Main-GUI to reveal the hidden project
information panel (see below). Here one can enter the name of the creator of the project

and notes about the project. Other information about the project parameters will also
show up as soon as these values are entered in other set-up GUI’s.
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“Summary” arrow icon

Enter user name and notes
about the project

=13

File Tools Options
P4 r‘ E ‘ ®© ’ @‘ QUICURE r " QUICPLUME is GUI | Data | Pressure| Population
o 7‘ %
™71 Project : i ;
| T New Pro;ec/t/ v E] Rl/n Both v Grid(s)
| SUMM Modified: 09-Oct-2009 J
Creatorl K ‘ MNotes | ‘
Inlet Profile: = Wind angle: - # of Bldgs: -
Roof Top: = Velocity ref: - Scale: -
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Opening existing projects
There are two options for opening existing projects: the first using the “Open Project”

buttonL‘ and the second using the “Project Name” pull-down menu

Open Project j
To open an existing project press the “Open Project” button j :

Open existing projects

J QUIC 5.6
File Tools | Options > N
2 el B8 ‘ ~ ’ @‘ URE ‘ @“ QUICPLUME| vis GUI | Data | Pressure| Population
Summary . —
4| | Proiect Ny project v[-]| Run Both v Grid(s)

Pressing the “Open” button opens a browse window. Navigate to the
QUIC/root/projects folder or wherever you have saved the QUIC project of interest.

Open a file

Look in: IC) projects _v_l = e BB~

/l () example_project
Recent
Desktop

My Documents

My tomputer

My Network. File name: v Open
LNt | T
Files of type: |QUIC project files [*.proj) LI Cancel I
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Double-click on the project folder of interest and then select the *.proj file. This project
will now be loaded into QUIC-GUI. This is show below.

Open a file @

Look in: I@ example_project _'_.l & [:’F '

S iff_‘iexample _project_inner§
'/I l[jexample _project_outer
Recent lﬁ]example _project.proj

@

Desktop

@

My Documents

@

My Computer

@

My Network — File name: |
Places

| Open I
Cancel l

Lel Lo

Files of type: IQUIC project files [*.proj)

4

Existing projects can also be opened using the Project pull-down menu

File Tools Options

Project Name Pull-Down Menu

d

p ra B ‘ 7 ’ G) QUICURE F‘ E?“_:[ FLUMEL Vis GUL| Data | Pressure| Population

Summary -

| 3 Project .t v || Run Both v Grid(s)
New Project 003

Creator unnamed example_project |
Inlet Profile:  Logarithmi # of Bldgs: 0
Roof Top: YVortex elochy ref. Scale: 111

In the Project Name box the pull-down selection will now show existing projects.
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Browse Icon B

To populate the project pull-down menu with projects saved in a different project

directory press the button E]

¥

3| Proiect PR

Pressing this button launches the ‘Browse For Folder’ pop up window

Browse For Folder

Select DIRECTORY For New Project Folder

PX

@ Desktop
[ \D My Documents
= :) My Computer
[# S System (C:)
[+ < Apps (D:)
= < LocalData (E:)
# [7) Default
# [ Documents and Settings
= ) QUICroot
) code
# 1) example_pMect
H () test

Contains project folders (select)

Contains *.proj files

Folder: | Projects

|

[Make New Folder ] [ OK ] [ Cancel ]

Left-click on the project directory of interest and press the OK button at the bottom of the
GUI. This will populate the Project Name Pull-Down Menu with the projects found in

the new Projects directory as shown below.
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File Tools Options

P4 r‘ A ‘ N ’ @ QUICURBE F‘ E?“.:\ PLUME| Vis GUI| Data | Pressure| Population

Summary -

| 3 Project it v~ ||| Run Both v Grid(s)
New Project 003

Crestor unnamed example_project |
Inlet Profile: Logarithmi # of Bldgs: 0
Roof Top: Yortex elocy ref. Scale: 111

The projects found in the newly selected projects directory can now be loaded from the
Project Name Pull-Down Menu as was described above.

Once the appropriate project is opened, one can then proceed with setting up the
parameters needed to run the QUIC-URB wind code. The first step in this process, adding
or modifying buildings in the City Builder, is described in the next section.
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QUIC-URB
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City Builder

The City Builder GUI is where the user defines the domain size, the wind field grid size,
creates the cityscape composed of buildings and vegetative canopies, and can add a
background map image.

e To open City Builder click on the house :I icon on the QUIC-GUI Main
window:

City Builder
T

File Tools Optiops Hep |

| - —
060060 ) mm) ) = =

Gl C—

A building layout interface will open similar to the one shown below.

Save Project

Undo/Redo P Position of
— fresennd pointer

‘ Select / drag / drop bulldlngs

Vegetatlve City Generator resolution

Canopy || Shape File Importer | :
i e ed | Viertical

Add topography Grid Type |,
and land use data |i—————

1 View 01ty in 3-D

| Domain size

Zoom control e Units of domain
TUSSSSE BUURUE VUSRI HUUSSSS SER S SRS dimensions

Background Map Tools

Geo-Referencing
Information

| Move whole building or part

Nested Grid Information
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Building

type
Options

Add a New Building
To add a new building to the project:

1) select the building type from the options on the left;

2) left-click on the grid at the location where the building is desired,

3) drag the building footprint out to the desired size and release the left mouse
button.

Cylindrical
z building BEE
File Edit GUISize Options 1con N
selected B N Posttion
B o | | gg ................. |T|T]
'-|:_| —O-Ké 1 g — Grid Resolution —
L e I a4 dx 1
oE "
7
| SES - .
! = lUniform V‘
gj Domain
,//\“ . -
il 60 ..
- - Ell%pt1cal v 100
PP i‘ o building A
§ ¢ T L LT LT ST L ST I AN DV T A Y O R e e S T
= A4 = G_et_:reference:
= 40 Origin UTMX (m)
Move Building 3 00 4|
Portion v 3 Origin UTMY (m)
[V] Grid Snap 2q-
24 UTM Zone
o T : 1 v
E——— g Click and drag cursor on Rotation 0
) 12--- . . r .
© nner o grid to size building
O Outer Grid g
Inner Grid: 4\ Seesedeneedenndenndinnndonn Do fenn de e e fee e .
S Comer (m) P : P I Pl
[ o ] TN EEBRNPSREENSSEENISEBNS g 1
Length (m)
! Kl | N

Note: Dragging out an oblong footprint with the cylindrical building selected produces an
elliptical building.



After dragging out the building footprint, a pop-up window for building height appears
after dragging the building footprint:

! |City Builder* test

File Edit GUISize Options ~
i R M e N R A A [ Postion
Alo|=| =
|:| O e — Grid Resolution —
O o , 2
adl : ay [ 1
Height {m
OoE = | e
&= O ceserion|_o__|
gi ) Rotation Angle (deg) II] Domain
/
Al B _ 0K [ cancel | & X
— . - d
- s L ———— 179 | v
AlLlBE < EEREE RN D i
—— % o
o 44---- P — Georeference—
| == A = Origin UTMX (m)
Move Building 36 .
33 . Origin UTMY (m)
[V] Grid Snap 2
24 UTM Zone
-----
Nested Grid | | ¢ i I Rotetin| 0|
() Inner Grid
O Outer Grid
Inner Grid:
SW Comer (m) IR N AR N D AR IR DR D A AR AR A AR AR AR IR AR
XE "‘mB&Bﬁ%ﬁ%%ﬁ%%%%?%ﬁ%%ﬁ%%%g
Length (m)
| | N

4) Enter the desired height and click OK.

There are two other inputs, the “Base Height” and the “Rotation Angle” that we ignore
for now and will cover in the sections below. First we discuss the building types that are
available for use in QUIC.

[\
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Obstacle Types
Rectangular Building

Selecting the ﬂ button _ City Builder* test BEE
allows the user to a d d a File Edit GUISize Options — ~
rectangular building to the | H|[*|= RN
domain. The user then e[S S
creates the building b #
. . g y @ E dz -1
simply dragging out the g =
non-rotated footprint and = Domain
oo oo i x
then typing in the height, - v
and if necessary, the base el :
hei . £
eight and rotation angle N —Covees —
in the pop-up window. Move Butang : 2 bldinputdls >
POp=ip . i Heightem| 10| Cig UL (@)
Note that the height of the | gousm . snsgnon[ 5]
building is relative to the j S ——
base helght @I:::i;::nu oK I Cancel ] RotalionEl
O Outer Grid
W Bomer m)
o] t
[ o] N

Elliptical Building

Selecting the g button . City Builder* test BEE
allows the user to add an | = "% —
A Position
elliptical building to the Bjo|=| %
domain. Similar to the Ooo| % el
rectangular building, the og o #
user can resize the &= 71
building by dragging out m o —
the non-rotated footprint e R P o
. . =
and then typing in the Paladl s yr— :
: : . £ @ = g
height, the base hqlght and “ T Seoteees-
the rotation angle in the MoveEuidng | gl BaseHeigntm)| o |
pop-up window. Note g Rm,-.mAng].[e(ueg)E] oo ]
1 - 0K Cancel UTM Zone
that thg cprved §1d§s of A€
the elliptical building are veio | Fetaton| 0|
approximated on the et .
orthogonal grid in a “stair s Come NI RN t
step” fashion with all of YEE J Length () j N

the cells with centers

26



inside the elliptical footprint denoted as building cells.

Pentagon Building

Pentagon-shaped buildings can be added to the domain by selecting the @ button. The
method for dragging out a pentagonal building is different from that used to define
rectangular and elliptical buildings. A circumscribing circle defines the pentagonal
building. As such a pentagon is produced by left-clicking on the center of the circle and
dragging out the radius of the circumscribing circle. The radius defining the courtyard of
the pentagon building is hardwired to be 40% of the radius defining the size of the
building. Due to the highly specialized nature of the pentagon-shaped building, the flow
algorithms in QUIC-URB have been tuned for the 12:1 radius to height ratio
characteristic of the Pentagon building. The flow fields produced from these algorithms
may not be appropriate for radius to height ratios that are dramatically different from
12:1.

‘.[_\ City Builder* test

File Edit GUISize Options N
10 a Position
| o ’
OO Radius of
@ E circumscribing circle
$=
Domain
. |
"
/,\“ Center of {
peipe i' £ circumscribing circle |
§ et
ers
o5y |=Georeference:
}= Origin UTMX (m)
Move Building
[ X Origin UTMY (m)
[¥] Grid Snap -
Heightm)| 10 | | UTh Zone
BaseHehtm)| o | |
Nested Grid Rotation Angle (eg)| 0 | ' Rotetion| 0|
otation Angle (deg
() Inner Grid 2- '
O Outer Grid g ( 0K | cancet ||
s""lfnnce;fg:;jém) 4 ‘ I . ;l
x[ o ] PR EYBNSEREERNISEB SIS EBNS g 1
Length (m)
IR | N

N
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Rectangular Stadium

Open-air rectangular stadiums can be added to the domain by selecting the button.
The rectangular stadium is defined in a similar way as a simple rectangular building,
except that stadium “courtyard” (i.e., playing field) and roof type must be specified. The
stadium courtyard is defined by a base wall thickness. The stadium walls start at this
thickness at the base of the building and taper to a single grid cell thick at the top of the
building. If a partial roof is selected, the lower 80% of the building height will be used
for the stands and the upper 20% will be used for the roof. The opening in the roof has
the same footprint as the opening in the base. The roof is visualized as being an infinitely
thin shell with a parabolic cross-section with the steepest slopes near the outer edge of the
building. This idealized shell is approximated as being a single grid cell thick.

. |City Builder* test @
File Edit GUISize Options ~
1U D‘Jlllairl Duu"u‘alyz ;I Posrﬁon
Bl v = = [T U OUO SRS SOUU SUOE SOUUNSUUE SOUUN-IOUOE OO IOUOE SOPOU-IOUPE SOUUSIUUOE SUOS OO SRS IOUO NURE SO SURESUOOE SO |I]
92 .......
|:| g : — Grid Resolution —
OlQ| o T o 1|
| @ E B - 2
- o
s= 7
54”' : Domain
om0 B
M | el i il i x
= v
A »|B|E :
=
= : bdinputdg
Lo R — Georeference —
= Height (m) Origin UTMX (m)
Move Buiding
Base Helant(m Orgin UTMY (m)
[¥] ord Srep Rotation Angle (deg)
UTM Zone
Base Wall Thickness {m)
[] Use Partial Roof ;
Nested Grid Rota‘honE
(®) Inner Grid OK ][
O Outer Grid S ——
e o T ‘
S/ Comer (m) R S S S U U N U N N N O : N Id
xl:] G&BE%%mo>mmmoi’%ﬁ$8E%88§
Length (m
o oo ) 8 N

[\
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Elliptical Stadium

Elliptical stadiums can be added to the domain by selecting the @ button. The elliptical
stadium is defined in the same way as the rectangular stadium. The opening in the base is
defined by an ellipse with major and minor axes that are the base wall thickness smaller
than the major and minor axes that define the outer edge of the overall stadium footprint.

) |City Builder* test
File Edit GUISize Options

2 ||

10
[&] 95
92
O 88

84-
E 80-
= 7q-
72
68-
64
60-
56-
52
48-
44-
40

5
o |

]
Width (m)

Move Building 36
5

Grid Snap 28
24

Nested Grid
() Inner Grid
O Outer Grid

Inner Grid:
SW Comer (m)

) bldinputdlg

Height (m) 1

o

Base Height {m)
Rotation Angle {deg)

Base Wall Thickness (m) 105

dind

[] Use Partial Roof

Lok |

Cancel

P ey ey R e R Tl s T
Lmx I S e S (NS }

Length (m)

T

= ool

Posttion

=
w

|

__Q
o
7
8
g
5
|

T

o
x

o
N
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~
n
o

A < =
@
P
<

(o)
@
=}
=
@
3
@
=
@
=1
o
@

Origin UTMX (m)

Origin UTMY (m)

Kl
2| |5
g =
Z — 5| |5
@
<

[\
O



Parking Garage

Parking garages can be added to the domain by selecting the @ button. The user adds a
parking garage in the exact same way as a standard rectangular building. The only
difference is that a parking garage must have a height that is an even number of grid cells.
This is because the parking garage is constructed of alternating horizontal layers of
porous and solid grid cells. The porous layers allow the wind to pass through but slow it
to 50% of its initial magnitude (Schmidlin et al., 2004). Parking garages are visualized as
grey transparent rectangular buildings.

! |City Builder* test

File Edit GUISize Options N
10 T .D"’”.'“;". D“."'”‘?‘a'Y: R I A ;‘ Posttion
B|o|=| o o =]
|:| O Fors N — Grid Resolution—
Q) af o 1|
OB I vl
7 .
g=
B4 Domain
/J.l( B0 b tt 100
- ‘
A »|@[E < :
:w
7 RUREIUUE SO SOUURUOFIUUOESOESOOUR PO RPN — Georeference —
)= 40 . Origin UTMX (m)
Move Building . 2 bldinputdig 3 =
32 . . Origin UTMY (m)
Height {m) 10
Gowses | 7 ]
24 Base Height {m) |I| UTM Zone
2 Rotation Angle {deg) E
o 1g Rotation| 0 |
e e 0K ][ Cancel
@ Inner Grid
O Outer Grid
I Grid: 4~ el .
SWnné;mzr (m) : : R R S T S H ;I
x[ o ] PR EYBNSEcREERNSSEE SIS EBNS g
Length (m)
o | N

Warning: We have not been able to find detailed wind measurements around or inside of
parking garages. Hence, the parking garage building shape should be used with caution.
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Vegetative Canopy

Vegetative canopies can be added to the domain by selecting the Q button. The
vegetative canopies approximate the bulk drag effects of a forest or an agricultural field
on the mean air flow. Vegetation canopies are rectangular and are defined using the same
procedure as rectangular buildings. The sole difference is the additional input of the
attenuation coefficient which must be defined at the same time as the height of the
canopy. The attenuation coefficient determines the exponential velocity profile within
the canopy (Cionco, 1965). The user can enter the attenuation coefficient manually or
select one from a library of attenuation coefficients from Cionco (1978). Selecting a
canopy type from the pop-up menu will populate the attenuation coefficient edit box with
the value from the library. This value can then be modified to further fine tune the value
for the canopy you are trying to simulate.

. |City Builder* test

File Edit GUISize Options ~
10 T D‘Ullld;" DUU”IJ'GI)": . . . v . ;I posmon
D O - ) bldinputdlg ‘ ) — Grid Resolution —
: dx
Qo] | .
E ght {m) 10
og = .. | ‘ aw| 1|
76 Base Height {m) E X =
®= | 7 voston gt Gen) | 0| |
y 64 Attenuation Coef. ) Domain
X
[.\.“ 601 Select Canopy Type o) 100
—_— [=
T ' S W Custorn A v/ 3 Z
ﬁ-) i _-g 52 . Custom
=3 49 Citrus Orchard
N 44 | Chirstmas Trees Bl — Georeference —
- 40 | sun Flower \_< Origin UTMX (m)
Move Building 3 | Rice
L. Com Origin UTMY (m)
e
|Oats UTM Zone
|Immature Corn |
Oak-Gum Forrest -
Mested Grid 1 Spruce Forest |7 Rotahon@
() Inner Grid Tounge |
O Outer Grid | Maple-Fir Farest
Inner Grid: ! :
SWnng;m:f (m) I I :Gur;n M:aplze Feres:t — ! ;I
x[ o ] TR EBYBNSEREERNISEB SIS EBCS g
Length (m)
o | N

Note that vegetative canopies are especially useful on the outer grid, where forests cover
large regions of space (and furthermore is the only type of obstacle that can be placed in
the outer grid, i.e., the buildings described above can only be placed on the inner grid).
One can also “trick” the QUIC model by using the vegetative canopy obstacle type to
define urban regions (i.e., urban canopy) on the outer grid.

(98]
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Bridge (Beta)

Bridges can be added to the domain by selecting the bridge ﬂ button. The only
difference between a bridge and a standard rectangular building is that the wake
algorithms for the bridge obstacle assume that the obstacle is not mounted on a surface.
The default values for the bridge building are different from those of a standard
rectangular building: the bridge defaults to a smaller height and has a nonzero base height
(recall that the height is relative to the base height).

- |City Builder* test
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Warning: the flow algorithms for the bridge obstacle type are still under development.
While the current bridge algorithms will certainly be better than using a “floating”
rectangular building, the algorithms still require testing and validation against
experimental data.
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Obstacle Rotation

All obstacle types can be rotated relative to the orthogonal grid. The rotation angle is
entered in the same Building Input Dialog pop-up window as the height (or as illustrated
below can be done later in the Edit Dimensions pop-up window). Obstacles are rotated
about xfo and yfo (which is the center of the pentagon building and the center of the left
side for all other obstacle types). The building rotation is in degrees and a positive value
will rotate the building counterclockwise. Note that the walls of a rotated obstacle will
actually be stair-stepped due to the orthogonal grid that QUIC uses.

;IJ City Builder* test
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Complex buildings are made by placing multiple basic building shapes together either
side-by-side and/or stacked. In this manner, L-shaped, U-shaped, and non-orthogonal
(stair-stepped) buildings can be created as shown below.

X
Complex buildings shown above are constructed using multiple basic building shapes.
The buildings shown above are colored by height. Building A has an open courtyard
giving it a U-shape. Building B is an approximation of a building with a triangular
footprint. Building C has a section of the roof that is higher than the rest with a
cylindrical smokestack protruding from the higher portion of the roof. Building D has a
pitched roof.

CAUTION! While complex building geometries can be simulated using the slice method
shown in building B above, users should avoid this if possible. The building flow
parameterizations were not designed for this configuration and will often produce strange
results (see Nelson et al. 2008). For best results, complex buildings should be created
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using simple buildings with as large of footprints as possible. Buildings A, C, and D will
all be more likely to produce realistic flow features than building B.

Note that the “Base Height” signifies the height at which the building base rests. A “0”

implies that the building sits on the ground. A non-zero value is used when stacking the
building on top of another building (see Stacking Buildings section below).
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Stacking Buildings

When a building is added by dragging out a shape, a pop-up window appears for setting
the building height. QUIC-GUI has the ability to “stack™ building shapes. ‘zfo’ is the
base height of the building. This new parameter is needed to specify whether the building
block is resting on the ground surface (zfo=0) or on another building block (zfo is then
the height of the underlying building). The zfo of a new building will automatically be set
to the height of the building below it if the starting point of the dragging is over another
building.

In the following example the lower building (Building 1) has a height of 15 meters.
Therefore, zt0 values for buildings 2 and 3 are entered as 15m. The heights of building’s
2 and 3 are set to 15m. Hence, zf0 for buildings 4 and 5 are entered as 30m. Note that the
height of the building is the height of the actual building block, not from the ground. So
15 m should be entered for the height of building 4, not 45 m.

Building 2 Building 3

15m

Building 1 height = 15m

Front View

Top View
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. \City Builder* test
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Note: Complicated building shapes may be constructed by either stacking several simple
building shapes or placing them side-by-side. The QUIC-URB model has been developed
to provide better results from stacked buildings. Whenever possible, buildings should be
stacked, rather than placed side by side. Building structures that are geometrically
identical, but built by stacking vs. side-by-side can produce different wind fields. This is
shown in the figure below.
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X
The graphic above shows an X-Y plane of streamlines around the base of two
geometrically identical buildings. The building at the top of the image was created by
stacking one building on top of another. The building at the bottom was created by
placing three buildings side-by-side. An orthogonal view of these two buildings is found
below in the View Buildings in 3D section.
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View Buildings in 3D

The 3D Plot button ﬂ brings up a 3D viewer window, which allows the user to look at
the buildings in 3D from different angles.

¥ X

This is the orthogonal view of the example above involving geometrically identical
buildings that are constructed by stacking two buildings or placing three buildings side-
by-side.

Once the buildings have been added, the Save buttonJ must be clicked in order to
continue on with the QUIC-URB simulation. Alternatively, when the City Builder is
closed, a pop-up window will request that the user save changes.
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Editing Building Dimensions

Dimensions of existing buildings can be adjusted by left-clicking one of the red vertices
that define the outer extent of the building and dragging it to the desired building
footprint. The building dimensions will automatically snap to the raster grid used by
QUIC. This is shown in the figure below.

Left-click and drag
building vertex to
adjust the building
footprint

Buildings may be moved horizontally and vertically by left-clicking the red star that
defines xfo and yfo for that building (the middle of the left-hand side of the building) and
dragging it to the desired location on the grid. The building location will automatically
snap to the raster grid used by QUIC. This is shown in the figure below.

Left-click and drag
the building to the
required location
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Alternatively, attributes of existing buildings can be edited by right-clicking the building
and selecting “dimensions”. This launches the Dimension Edit Box, where all building
attributes may be adjusted. Building height, base height (zfo), and rotation angle (only
available for pentagonal buildings) can only be adjusted using the Dimension Edit Box.

This is shown below.

...............................................

' ' ' '
' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' '
' f '
[ e [
' '
' '
' '
' '
[qupp_—— . s
]

'

'

'

'

T Ry SR ] R

Expand Domain

re---- Cut -
Copy

| Y. -
L}
' Delete
:
L o S e R {
L} 1 1 1 1
L} 1 1 1 L} 1 1 1
L} 1 1 1 ' L} L} 1 1
L} 1 1 1 ' L} 1 1 1
[ L L I L____1 L L 1

) dimension

Building # Units

Hreu h & Meters ~| | L ----- -

e Length| 15 | xfo|[ 5 | | [N
: widh [ @ | vYfo[ 175 |
Height | 10 Zfo ‘ o |
__________ 7
Type |Rectangular ~| : ' '
Rotetion Angle [ 0 | [ f---t-eoeceoeand

...........................

Right-click on building and
select dimensions
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Dimension Edit Box

Dimensions of
the building

Copy Building

<) dimension

Building # ~ Units
%1 V| jMeters vw
— - — Coordinates of building Xfo
Length| 15 | Xfo | g | and Yfo represent the middle
with [ 9 | Yfo [ 175 | left edge of the block shape.
Height [ 10 | Zfo [ g | Zfo is the distance from the
Topa ; bulldll‘lg base to the gI‘OLlIld.
Rotation Angle ‘ o |
Base Thickness (m) \ 225 |
[] Use Stadium Partial Roof Bulldlng type spemﬁc data

To copy a building, right click on the building and select ‘copy’. Then, at any other point
in the domain, right click and select ‘paste’ to copy buildings from one location to
another. This is shown in the figure below.

Dimensions
Expand Domain

Cut

Delete S

'

'

'

'

[
recssbaces
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Grid Resolution

The grid resolution of the QUIC-URB modeling domain is specified in the text boxes on
the upper right hand corner of the City Builder window. It is strongly recommended that
the grid size should be set before creating buildings. If the buildings are created first, and
then grid resolution is changed, the buildings may not be resized optimally. Notice that
the grid size can be different in the x, y, and z directions. For example, one may desire
more resolution in the vertical and set this to 2 m, while setting the horizontal grid to be 5
m square. The default grid size is 1 meter. In addition the vertical grid does not need to
be uniform throughout the domain. Selecting anything other than 'uniform' on the popup
menu at the bottom of the domain panel launches the Vertical Grid Editor which allows
the user to specify the function used to vary the size of the grid cells in the vertical
direction. This GUI will be discussed in further detail in the next section.

— Grid Resolution
dx 1
dy 1
dz 1
Uniform v

Vertical Grid Editor

There are several advantages to allowing the size of the grid cell to vary with height. It
allows the user to make better use of resources because the fine resolution can be used
where it is most needed (typically near the surface where there are strong gradients in the
velocity field) and coarse resolution can be used in regions where the vertical gradients in
the flow are small (typically at the top of the domain). Not only does this reduce the
amount of RAM used in the simulation but it will also improve the QUIC-URB run time
since it iterates over smaller arrays. The user can select from five different stretching
functions: Uniform, Custom, Parabolic Z, Parabolic DZ, and Exponential DZ. Uniform
simply forces all of the cells in the domain to be the same size. This is the default
selection. Custom allows the user to manually input the grid sizes. This is the most
flexible but also can be tedious to enter. The remaining three functions allow the user to
specify the function with which the vertical grid size will vary continuously throughout
the domain.
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J Vertical Grid Editor

T Nested Grid— 2

— Stretch Function—— 18
Exponential DZ ’f\L

Uniform ’ 16

Custom
Parabolic Z
Paraholic DZ

14

Exponential DZ
#Cells 12
Growth
Factor
Data Points £ 10
Zm Dz =
o.s 1 PN
1.5 1 =
z.5 1 g
3.5 1
4.5 1
5.5 1
6.5 1 B
7.5 1
8.5 1
9.5 1 4
10.5 1
11.5 1
1lz.5 1
13.5 1 B 2
14.5 1
15.5 1
16.5 1 A/ 0
w1

Domain Size

The domain size (number of grids or distance in the East-West (x), North-South (y) and
vertical (z) directions) can be changed using the text boxes on the right hand side of the
City Builder window. The units can be toggled between distance (meters) and number of
grid cells using the pull-down menu selector.

Domain

X 100

Y 100
:
IMeters v ‘
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You can also right click on empty space in the city builder map and add more grid cells to
the north, south, east, or west of the domain. This is shown in the figure below.

J
'
'
'
'
L]

Paste

E ” Expand Domain

") i BB

Units

Imeters vl

Direction

North v
I 0
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Inner and Outer Grids

QUIC is normally run with a building-resolved grid. However, to cover larger areas, an
outer grid option has been added. Here, the grid cell size is larger and buildings are not
resolved. The outer grid could extend for tens of kilometers with 100 meter horizontal
grid resolution, for example. Buildings are not put on the outer grid; rather a roughness
length parameterization is used instead. While buildings are not used on the outer grid,
vegetation canopies (see the following section) may be used on the outer grid to simulate
different land use characteristics over large areas. Note that a release of airborne
contaminant on the inner grid will automatically be transported onto the outer grid (see
QUIC-PLUME section).

When the City Builder is first brought up, it defaults to the inner grid.

N

File Edit GUISize Options
10 T T T T T T B Banrdarye—— J Position
|:| O O e — Grig Resolution —
84 diﬁ 1
O 3 -
- &
! = 72 lUniform V‘
gj Domain
,/ . .
X
ﬂ'\ 60 P 100
= 5§ -3 Y 100
P 2 i‘ = . z 20
ER )
.\_- ', —— Georeference —
40 g5 Origin UTMX (m)
Move Building 35
Portion W 32 Origin UTMY (m)
Clowmsw | 2
24 UTM Zone
2
16 R -
Nested Grid ) - Rotahon@
() Inner Grid < 11 Inner Grid -
Oouercia | Default
Inner Grid: 4
SW Comer (m) é’ R S S S S S S S S S S S S S S S S N S S S _[
x[ o] T T - BREYNB5E500328I58R898g
v |—| Length (m) N
K| 2

N
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To specify an outer grid, one needs to:
e First save the existing project on the inner grid using the ‘save’ button

e Now select the ‘Outer Grid’ Option

Nested Grid
() Inner Grid
Quter Grid

Inner Grid:
SW Comer (m)

x| o |

——

Y[ o |
R e

e This opens a window where in the outer grid parameters can be entered

Enter the size of the outer grid.

X(m):
00 |
Y(m):
400 |
Z(m): A
| by 40 |
Enter the grid resolution. dx(m): ]
4
dy(m):
4 |
dz(m):
2 |

Enter the coordinates of the SOUTH WEST
corner of inner grid. X(m):

: |

Y(m):

’ OK ] [ Cancel ]

e Type in the appropriate parameters and press ‘ok’

e This places an outer grid around the inner grid in the City Builder

e Various parameters of the outer grid such as the grid resolution and domain size
can be now be seen in the City Builder
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) City Builder* test

CIEX

File Edit GUISize Options ~
40 : BUI!IU;“' BUlUYﬂ:'I"GIY: ;‘ Posiﬁon
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D O O 352 RROE N SRRSO IR ~ | — Grid Resolution—
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0 @ . 2o Outer Gpd - Grid o 4 |
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sB | =
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iy i‘ = 20§ Domain size |.:.. z
e RCE
.\-' A —— Georeference —
160 Origin UTWX (m)
Move Building 144 - :]
Doasn | 13- [ o ]
og.- M Zone
8Q--
Nested Grid = ctation D
O Inner Grid a8
@ Outer Grid 32
Inner Grid: 16 frendeennd
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Geo-Referencing QUIC Domains

Since version 4.5, QUIC has had the ability to geo-reference domains through the
controls on the lower right-hand side of the GUI shown below:

—— Georeference —
Origin UTMX (m)

[ 0.0 ]
Origin UTMY (m)
| 0.0 |
UTM Zone

Y|

Rotation@

1

QUIC domains are geo-referenced using the Universal Transverse Mercator (UTM)
system. The required inputs are the UTM zone, UTMX and UTMY locations of the inner
grid origin, and domain rotation from true north (clock wise rotations of the domain are
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considered positive angles). The GUI automatically calculates the UTMX and UTMY
locations of the outer grid origin given the location of the inner grid, the relative location
of the inner grid to the outer grid, and the rotation angle of the domain. The north arrow
in the lower-right-hand corner of the GUI shows the direction of true north relative to the
grid. Rotation angles can be between -45 and 45 degrees. The user is encouraged to
align the domain such that the majority of the buildings in the domain (or buildings of
special interest within the domain) are aligned with the orthogonal grid used by QUIC.

UTM zones range from 1 to 60. The default UTM zone is 0 which is only a place holder
since it is not within the range of actual UTM zones. The value of 0 informs the GUI that
the QUIC domain has not been geo-referenced. Maps of the UTM zones corresponding
the US are shown below:

USA Lower-48 UTM Zones

1w 108 102 W 0w

12 13 | 14 15

s

17

1dw 108w 102 96w 0w B S
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Alaska UTM Zones
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Add a Background Map

Background maps facilitate more accurate reproduction of urban areas.

. N .
Pressing 4%

launches the Background Image Editor.

) Background Image Editor
S

: : ' : : ' — Grid Resolution —

B | &b i e a a a Lo 0 |

: ! : ! ! ! d
; ; a ; | |l ]
Inner Grid: ' ! : ' ' ! dz 1
SW Comer (m) 2l ----=-=-=-==- [ ©oTTTTTTomeTes Dtk -ttt J- ittt 1 =
[0 ] s s | s s |
[ o e 5 | | | r——
: X
Image Projection ' H ' H H b &
............. A A A S T [

[LaULon "‘ 20 i \ : H H ' L1000 |
Green : : : : : | Z 20
Longitude : 1 1 1 1 .

. . . i H | — Georeference—
0.000000 5 5 5 : : i | Origin UTMX (m)
Latitude =1 DU R A 323000

| 0000000 ; ; ; 3 5 b1 origin UTMY (m)
Blue : : : : : : 4306000

v Longitude ' H ' H H : UTM Zone
0.000000 L[] ES—— R — R A drememmnnes drmmmnmnnes i s v
Latitude i ; i : : : Rotation@
0.000000 : : : ! ! :

s s s s s oz v
Longitude 17| SRR RN RPN SRR SRR PR
0.000000 ; : ' : : :
Latitude
0.000000 ; ; : ; ; :
i : ) . ) ) !
Reproject Image 0 5} 10 15 20 25 30

In older versions of QUIC (versions 5.5 and lower) adding a background image caused
the GUI to resize the domain to correspond to the scaled background image. Later the
image was displayed by stretching the image to fill the domain. This caused problems
when resizing a domain because it would distort the background image to fill the new
domain dimensions. The background image is now decoupled from the domain and is
georeferenced. This ensures that domain changes will not affect the image so it will be
an accurate representation of the region simulated.
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Press the Open File button

to browse for a jpg image file.

Choose Background Picture

Look in: I () projects

My Recent
Documents

My Network
Places

~| « @&k E-

() example_project

()test

File name: IDC_MaII.ipg LI Open I
Files of type: | Cipg) | Cancel

% |

After selecting the desired file the image will be displayed in the axes in the center of the

GUL

) Background Image Editor,

Inner Grid
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I

< =

Image Projection
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Now that the background image has been loaded into the GUI the image is georeferenced
by dragging the three colored X's over points on the image with known coordinates in
either latitude and longitude or UTM. Another advantage of georeferencing the image,
in addition to avoiding distortion problems due to resizing the domain, is that many
images (such as those from Google Earth®) are displayed using latitude and longitude
regardless of the coordinate system that they are using to display the cursor location in.
Since QUIC always uses UTM there can be a significant amount of distortion introduced
by using an image displayed in lat/lon as if it were displayed in UTM. Thus domains
produced with the new method will be a more accurate representation of the region than
previous versions.

In order to georeference the image, left click on the three colored Xs and drag them to
points with known locations. The chosen points should not be colinear. The zoom axes
in the lower right-hand corner of the GUI allow the user to place the reference points with
greater precision. Use the popup menu to select the zoom factor.

Y|

After the reference points have been dragged to the proper locations on the image the
coordinates of each point should be entered in the edit boxes along the left-hand side of
the GUL.

Green
Longitude
-77.024004
Latituce

38902133

Blue
Longitude

-77.049328
Latitude
38.888915

Red
Longitude

-77.009101
Latitude

p.0ooo0ofy |
Reproject Image

Once the coordinates for each of the domains has been entered, press the
[ Reproject Image

button in the lower left-hand corner of the GUI. This reprojects the
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image into UTM (if necessary) and the QUIC coordinate system. Now the image is ready
to be displayed. You can view the back ground image by pressing the Plot 3D City

button J Note that the 3D plot initially displays at an oblique angle. From this
perspective you can see that the actual image in this example extends beyond the domain
boundaries. This demonstrates the decoupling of the background image and the domain
location.

) test [Z]

File Edit View Insert Tools Desktop Window Help
NEEL KM AKRODEL- | 0E| @D e Py My k(Y]
WHSAAEE[E L e 9 D LO

Domain Boundaries
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If the origin of the QUIC domain is shifted 2.5 km East of the previous value, the image
automatically shifts to match with the new modeled domain. Note that the domain now
partially extends beyond the limits of the background image.

) test
File Edit View Insert Tools Desktop Window Help

NSHL L RVUDLL-|C 08| @@ FEs s [E]
NS A AEECELEV[9 OD O

EIE

Region of the domain not
covered by the image
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Elevation and Land Use Data

Al

Pressing the Elevation and Land Use button will launch the Elevation and Land
Use GUI shown below. Both elevation and land use data are optional. QUIC-PLUME
can use the elevation data to account for terrain effects on dense gas dispersion. The land
use data can be used to automatically extract vegetative and/or urban canopy data
throughout the domain.

J Elevation and Land Use Q’E‘@
File ~

A

——— Land Use Inner Grid Origin
' No Land Use Data v UTMX (m) | 3230000

UTMY (m) | 43060000

Hested Grid —_—
UTM Zone |15 v
[ Add Outer Grid | Fotation ‘»0—
—— Elevation —— —— ' :
:No Elevation Data v:

Deciduous Forést Aﬁen;

Extract Elevation Data

Extract Land U Data
Plot Data

CAUTION: The user should be aware of the fact that land use in and around cities can
and does change. The newest available data is from 2001. Some regions have
experienced significant changes since then. So the user should exercise caution when
automatically importing land use data. Also since the data was automatically generated
using remote sensing techniques by groups who did not have this particular application in
mind, it is far from perfect particularly for fine scale inner grids. Some regions that for
the purposes of a QUIC simulation should be classified as vegetative canopies may be
classified as urban land cover. The urban land cover classes can be particularly
misleading since they are based on the percentage of the surface in the cell that is covered
by manmade materials. So a "High-Intensity Developed" cell might be used for a
parking lot or road as well as for a skyscraper. The land use data is most useful for outer
grids, which can cover a large area and only really need to get a general sense of the
effects of land use on the transport and dispersion.
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Press the internet button to launch the USGS Seamless Server web site in the
default web browser.

{= The National Map Seamless Server - Windows Internet Explorer Q@@
@ : - s 5.USQs.gov, “’l W |42 % l 3 l L
File Edit View Favorites Tools Help X %Convert ¢ @Select

¢ Favorites | 53 @& s v @) -

| B The National Map Seamless Server , a8 = deh v Page~ Safety > Tools~ @~ -

~

)

\)

. 741 ; ‘ % 5, ? ™ USGS Home
R NI 2 3 S 5 ; 7% = Contact USGS
science for a changing world 725 : R Search USGS

The National Map Seamless Server is running.

Posted 14 September 2009: BIL_16INT Form:
"BIL_16INT" output format will now return a bil fil
* columns * 2) bytes in length. The previous ver
extra bytes in the header and footer which conse —
incompatible with some generic software package
inconvenience this may have caused.

Posted 26 August 2009: BIL Format Update -
will return data matching the same characteristic

What this Site pffers: List of Products » data. For example, if the original source data for
bit signed integer, then the BIL format for that d.
e Free Data Dpwnloads Available Interactive Maps » signed integer. For the NED and SRTM datasets,

e User Defined Datasets and Area
e Acquire Datp From Different
Hosts

Left click on Download
United State Data

output format "BIL_16INT" which will force the 3:
to 16 bit signed integer. If you desire the actual
data for the NED and SRTM datasets, select the
"GridFloat" which will deliver the data as 32 bit flc

Posted 14 August 2009: Additional data format:

all High Resolution Orthoimagery products. The tz

the availahle ontions in areen. The default formal ™
>

'~

€ Internet fh v H100% -

Clicking on View and Download United States Data will bring up the National Map
Seamless Server as is shown below:
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{Z The National Map Seamless Server Viewer - Windows Internet Explorer

@H - usgs.gov v || X| |8
File Edit View Favorites Tools Help @:gConvert - ijelect

¢ Favorites | 55 @& - & -

The Mational Map Seamless Server Yiewer yh M N

EEBX

Y s v Page v Safety v Tools » w@w

»

The National Map Seamless Server (reuntostr pse) Tutorial

-

oom |

E—
[o][#][21]

NEE

E=

o

Done

@ Internet

3

Scale Information

Out
Scale ~ 1:93,360,898

=

lDownIoad

Places (Names)
Layer Extent
Transportation
Boundaries

Hydrography
Orthoimagery
Land Cover
Elevation

J

fh v H100%

-

Now click on the download button on the right-hand side of the page.
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!Display Download k

HEEEEQ

Select the desired elevation=Gaiaicovranon v you wion0 include terrain effects on
dense-gas dispersion) and the NLCD 2001 Land Cover data (if you wish to import

canopy data).
|oisplay Download

[ |
[ |
[ |
[ |
[ |
[
[ |
[

L+
Use the magnifying-glass tool . (found on the left-hand side of the page) to drag a
region on the map and zoom in on the region of interest. Now you can graphically select

o

a rectangular region that you would like to download data for by pressing “— found in
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the downloads section on the left-hand side of the page or you can use one of the other
tools to use a different method select the region.

You may want to download two different elevation resolutions, one for the inner grid and
another for the outer grid, to get the necessary resolution for the inner grid while keeping
the size of the file as small as possible to speed up the extraction process.

Note: Make sure that you select a region that is significantly larger than the QUIC
domain. This is because the elevation data is projected in Lat/Lon and the land use data
is projected in USA Contiguous Albers Equal Area Conic. Since the output is a 2D array
aligned with the corresponding coordinate system the selected regions will not cover
identical regions. Also note that while there are several different choices in resolution of
elevation data, the land use data always has a 30 m resolution.

oom |

uery

[el#]E]y

ools

‘

EEREN S
[2][w]
After selecting a region to download the data (indicated by the green box above) the
Seamless Server will open a new window.

2 .';]',;rb!_ finA? | Scale Information

[108] - "'Im‘}‘
¥ f650] /l” out In
: Scale ~ 1:1,156,913

i 5 NG AN
H u. o
y/tala > S N ] oovricos
=4

f B

Click and drag to select area to download

L OO RO = <L
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A=

/> The National Map Seamless Request Summary Page - Windows Internet ...
& usgs.gov

The National Map Seamless Server

Request Summary Page
You are logged in as Default Seamless User.

Modify Data Request HELP!

Data Extraction Request Pieces:

Output Parameters (a';‘; Download Links

National Land Cover Dataset 2001 - Land Cover

USA Contiguous
Albers Equal

Area Conic USGS »4|JSGS
version s
= Output Format: GeoTIFF

N: 39.21322 USA Contiguous Albers Equal Area EROS Data
W: -77.47459 Conic USGS version Center

X cell Size: 30.00 Meters

Y cell Size: 30.00 Meters Download

S: 38.57823
E: -76.78015

NAD 83

SRR Output Format: ArcGRID

W: -77.47459 NAD 83 Geographic EROS Data

Center
X cell Size: 00.00028 Degrees
Y cell Size: 00.00028 Degrees
Download
S: 38.57823 ]

E: -76.78015

€ Internet ‘h v H100% -

T e t,wt“.vuu,

format used by ArcGIS® and cannot be opened using the Mapping Toolbox in Matlab®.

Instead you will need to click on ity g near the top of the

page. This will open the Request Options page in the new window. Scroll down to the
selected National Elevation Dataset (NED) resolution and change the data format to
GeoTIFF.

T T O
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{Z USGS Data Extraction Options Page - Windows Internet Explorer

Usgs.gov

Afghanistan

Amphibian Research and Monitoring Initiative (ARMI)

Antarctica

Boundaries

= Elevation
[J National Atlas North American Shaded Relief ArcGRID v | [|ZIP v || HTML v
[J National Atlas Shaded Relief Land - Color - Conterminous United States 200 Meter |[[ArcGRID v | || ZIP v || HTML v
[J National Atlas Shaded Relief Land - Gray - Conterminous United States 200 Meter ArcGRID v | [[ZIP v |||HTML v
[ National Atlas Shaded Relief Land - Gray - North America 1 Kilometer ArcGRID v | ||ZIP ~|||HTML v
National Elevation Dataset (NED) 1 Arc Second ArcGRID ~|||ZIP ~|||HTML v
[J National Elevation Dataset (NED) 1/3 Arc Second e ZIP v |||HTML v
[J National Elevation Dataset (NED) 1/9 Arc Second glrli.d:g?rfﬁ ZIP ~|||HTML v
[ SRTM 1 arc sec - Shuttle Radar Topography Mission [Finished] Arc_GRID v ZIP v |||HTML
[J SRTM 3 arc sec - Shuttle Radar Topography Mission [Finished] ArcGRID v ||| ZIP ~|||HTML v
[J Topographic Change: Difference DEM ArcGRID | ||ZIP ~|||HTML
[J Topographic Change: NED 2003 DEM ArcGRID v | || ZIP ~|||HTML v
[0 Topographic Change: NLCD 1992 Land Cover ArcGRID v | [|ZIP v |||HTML v
[J Topographic Change: Polygons Shapefile ¥ | | ZIP v ||| HTML v
"1 Tonoaranhic Chanae: SRTM 2000 DFEM ArcGRID v I1ZIP ~IIlHTML v M

Done € Internet fa | R100% ~

EESsSsssssSssssSssssssssssssssssssssssssssssssm (0 1CTUN to the downloads page.
You are now ready to download the elevation and land use to your computer. Simply
click on the download button for the desired data set and the server will extract the data
and prompt you download the file. Depending on your browsers security settings you
may have to tell it that the file is okay to download. Also depending on the size of the

file and the amount of traffic on the server at the time that you are attempting to
download the data, it may take a while to extract the data and send it to you.

Now that you have downloaded the data to your computer, press to browse to the
location of the elevation and land use GeoTIFF files that you just downloaded. You can
select multiple files to import at the same time. Use the <shift> and <control> or
<command> (depending on your OS) to select multiple files.
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Open Elevation and Land Use Source File(s)

Look in:

D

My Recent
Documents

[

Desktop

<

\$

My Documents

=
O-K‘
B

T

I ) projects [%

() example_project
[D)test
EHoc_mall.jpa

DC_Mall_elevation.tif
DC_Mall_landuse. tif

My Network File name: I"DC_MaII_Ianduse.tif" "DC_Mall_elevation.tif" LI | Open I
Places
Files of type: IAII Files LI Cancel |
/
Adding Elevation Data

Elevation data can be added with two different ways: A constant slope over the domain
and georeferenced data extracted from a file.

To set a uniform slope across the domain select "Uniform Slope" in the popup menu at
the top of the Elevation panel. Then enter the gradient vector direction (measured from
true north which is not the y-direction in QUIC if you have a rotated domain) and the
grade in percent. Then press the "Generate Elevation Data" button to populate the

elevation arrays.

Elevation

|Uniform Slope

¥

Uniform Slope

Gradient
Yector

Direction (o)

Grade (%)

30

E
s

Generate Elevation Data
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To extract elevation data from a file select "Geo-Referenced" in the popup menu at the
top of the Elevation panel. If the next popup menu says "No File" then you need to
follow the instructions above to download data from the USGS Seamless Server and open
the files in the Elevation and Land Use GUI. Once some files have been specified for use
in the GUI, select the desired elevation file from the list in the second popup menu in the
Elevation panel

Elevation
Geo-Referenced Ve
DC_Mall_landuse tif b

DC_Mall_landuse tif

Extract Elevation Data

The default file format for elevation files is GeoTIFF projected in Lat/Lon coordinates,
which is what you will get from the USGS server. The default units are meters which is
also what is returned by the USGS server by default. Once the proper file has been
selected, choose the grid (inner, outer, or both) to which you wish to extract the data.

Hested Grid

[ Add Outer Grid

If you have not yet created an outer grid but wish to do so now you can press the "Add
Outer Grid" button to add an outer grid to your project from the Elevation and Land Use
GUI. Selecting "Outer Grid" in the popup menu will make the outer grid controls on the
right-hand side of the GUI visible.
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Outer Grid

Grid Resolution (m)

dx 40

dy 40

dz 2

Uniform v
Domain Size (m)
X 4000
Y 4000
z 40
Location of Inner Grid Origin (m)

X 1]
Y 1]

You can also georeference the QUIC domain or change the location of the inner grid's
origin using the controls in the upper right-hand corner of the GUI. The georeferencing
of the outergrid is coupled to the georeferencing of the inner grid and the location of the
inner grid relative to the outer grid.

Inner Grid Origin

UTMX (m) 3230000
UThY (m) 4306000.0
UTM Zone |15 v

Rotation 0

Once the proper file and format have selected and the domains have been georeferenced,
Extract Elevation Data

press the [ button located at the bottom of the Elevation Panel
to extract the elevation data from the file for the selected domain(s). Depending on the
resolution of the file this may take a while.

Adding Land Use Data

Land use data can only be added by extracting georeferenced data from a file. To add
land use select "Geo-Referenced" in the popup menu at the top of the Land Use Panel.
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J Elevation and Land Use* [Z]

« [E3

File
Land Use - Inner Grid Origin——
E e ﬁ No Land Use Data A LT (m) 3230000
] Mo Land Use Data UTMY (m) 4306000.0
Add Outer Grid NLCD 2001 Class Rotation Ii]
Elevation . P
Evergreen Fores
’Geo-Referenced Vl st Grid Resolution (m)
’DC_MaII landuse tif V| 2
]Geonff (Lat. Long.) v | - 2 40
Height (m) | 10 ‘ |Uniform v‘
—— Deciduous Forest Atten—— Domain Size (m)
Sum-Maple Forest X 4000
Atten. Coef W 4000
Creste Ved C z 40
create vedq Canopies
. e Location of Inner Grid Origin (m)
[ Extract Elevation Data ] Create Urban Canopies .
0
[ Plot Data l Extract Land Use Data v 0

This will activate all of the other land use controls in the panel. Next select the desired
file with the land use data in the second popup menu from the top.
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J Elevation and Land Use*

File ~
Land Use Inner Grid Origin
B e ! ’Geo-Referenced Vl UTKXC (m) 3230000
Mall_ tif v UTMY (m 4306000.0
Nested Grid ’DC_ all_landuse ti ‘ (m)
DC_Mall_landuse tf UTM Zone
- DC_Mall_elevation .
Add Outer Grid v Rotation E
Elevation B Deciduous Forest o =
Evergreen Forest ‘Outer G'."d
IGeo-Referenced V’ Mixed Forest Grid Resolution (m)
‘DC_MaII_Ianduse tif N ’ Shrub, Scrub o
) Grassland, Herbaceous d
IGeOT'ff (Lat. Long.) v’ Sedge, Herbaceous ¢
Uts|y | || Lihens v oz
Height (m) \ 10 ‘ \Uniform V‘
—— Deciduous Forest Atten—— Domain Size (m)
\Gum-Maple Forest V‘ X 4000
Atten. Coef. 442 i 4000
Z 40
Creste Veg Canopies . —
Location of Inner Grid Origin (m)
| ExtractElevationData | | | [ Creste Urban Canopies
X 0
[ Plot Data ] [ Extract Land Use Data ] v 0

The default file format for land use is a GeoTiff using the USA Contiguous Albers Equal
Area Conic projection. This is the default for this data on the USGS Seamless Server.
Below the popup menus at the top of the panel you will find the library of NLCD 2001
land use classes listed by name. Included with QUIC is a default library which associates
each land use class with a corresponding canopy height and a canopy type from the
library of attenuation coefficients (Cionco 1978). A customized land use library is saved
inside of each project so the user is allowed the flexibility to modify the various canopy
parameters for as many land use classes as they wish without modifying the default land
use library. The height of the canopy can be modified using the height edit box and the
attenuation coefficient can be modified by either selecting a canopy type in the popup
menu or changing the value in the edit box.
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Gum-Maple Forest l\ v
o

None
Custom N
Citrus Orchard

Chirstmas Trees
Sun Flowwer L
Rice

F I T T . B ]

Corn

Wheat

| Oats

Immature Corn

‘| Oak-Gum Forrest

T T X T T

Spruce Forest X Deciduous Forest Attenf
Jungle Gum-Maple Forest v
| Maple-Fir Forest Atten. Coef. | I '

Gum-Maple Forest

Before you extracc e o sov uae yuu Livvw w uoviue winon vieoows t0 Include. The
urban land use classes are denoted as being "developed", checking the "Create Urban
Canopies" checkbox includes the urban land classes in the generation of the height and
attenuation coefficient arrays.

Open Water -~
Perennial Ice, Snow

[Developed, Open Space

Developed, Lo Intensity
Developed, Medium Intensity
Developed, High Intensity

Barren Land, Rock, Sand [<lay
Unconsolidated Shore |

All other land classes are included in the "Create Vegetative Canopies" check box. Note
that you can effectively remove the contribution of a single land use class by changing its
height to '0'. As was mentioned above, care should be taken when using land use data,
due to inaccuracies in the automatically generated database and old data that has since
changed in urban areas. In general, the urban canopies should not be included for an
inner-grid domain since the buildings are explicitly resolved but should be included for
outer grid domains. Now that the land use library has been modified as necessary and the
file has been selected, you are ready to extract the land use data from the file. To do so
Extract Land Use Data

simply press the button. QUIC saves the customized land
use library, the array of land use classes, the array of canopy heights, and the array of
canopy attenuation coefficients. This is done so that once the land use data has been
extracted once the library that converts the land use data into canopy heights and
attenuation coefficients can be modified later and the land used data can be converted
into new canopy height and attenuation coefficient arrays without loading the land use
file. Simply modify the land wuse library as desired and press the

[ Extract Land Use Data

] button again to convert the saved land use data into new
canopy height and attenuation coefficient arrays.
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Note: The user defined canopies from Citybuilder will be used instead of the land use
based canopy arrays wherever applicable. This provides a method for correcting
inaccuracies in the land use data. A region of extra tall canopies can be added (e.g. to
model extra tall buildings in the central business district on an outer grid) or land use
canopies can be effectively be removed by drawing out a canopy with a height less than
half the surface level vertical grid size height (useful for surgically removing regions that
have been developed since the database was created).

Importing Shape Files

QUIC can import ARC GIS shape files directly into polygon buildings or a 3D building
array that is useable only by QUIC-CFD. If a 3D building database is available this will
greatly speed up the process of generating a new QUIC domain. QUIC requires that the
shape files be in UTM with all dimensions (X, y, and height of buildings) in meters. The

City Generator Tool is accessed by pressing the button.

.

View Shape Flle(s

Polygon Buildings
Extract Building Data View Extracted Buildings Export Voxel File

To import a 3D shape file first load the shape file into the GUI by pressing the

Load *.shp

button and navigating to the desired shape file(s).
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[ [ shapefiletest 44
o yrer———E ]

i imaginary buildings.dbf Monday, December 6, 2010 7:43 AM
[ imaginary buildings.shp Monday, December 6, 2010 7:43 AM
D imaginary buildings.shx Monday, December 6, 2010 7:43 AM
£ test Monday, December 6, 2010 7:44 AM
(3 test1 Monday, December 6, 2010 10:38 AM

File Format: | (*.shp) ) ’
A

Once the shape file has loaded into the GUI it will show up in the list of available shape
files in the upper-right hand corner of the City Generator GUI.

000 City Generator

Load *.shp imaginary buildings.shp
View Shape File(s)

BoundmgBox

::

:
BoundingBox |

Polygon Buildings |

Extract Building Data || View Extracted Buildings ||  Export Voxel File

Note that once a shape file has been read into the GUI more controls are enabled. The

user can NOw press [ View Shape File(s) ] to view the buildings in the shape file
relative to the QUIC domain. If the QUIC domain has not been georeferenced or the
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buildings in the selected shape file(s) are not within the extent of the QUIC domain the
user will be prompted if they wish to center the QUIC domain on the shape file when
attempting to plot the shape file or extract the building data.

A plot of the shape file buildings (yellow polygons) and QUIC domain (red box) with
then be produced.

ile dit View Insert Tools stp Window Help
» Ngde h AL09E(E- 2 0HE e

x10°

1.66

1.659

1.658

1.657

1.656

1.655

1.554 1 1 1 1 1 1 1
4.579 4.58 4.581 4.582 4.583 4.584 4.585 4.586
L]
x10

A
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The ‘Use Shape Threshold’ option is intended to speed up plotting of the shape file by
down selecting the polygons in the shape file that are plotted by a user defined threshold.
This can be particularly important in detailed building databases that cover large portions
of a city, where it may take a great deal of time to plot each individual polygon.

IMPORTANT NOTE: Before extracting the building data the user must verify that the
appropriate fields are selected for X (UTMX of polygon nodes), Y (UTMY of polygon
nodes), and Z (building height). The GUI searches the available fields for appropriate
selections but it may not select the proper field since field names are not universal in
shape files.

Press | BractBuilding Data | 4\ o ract the shape file data into QUIC polygon buildings or

a 3D building array for use in QUIC-CFD.

‘# Buffer Cells’ sets the number of cells around the perimeter of the domain that are to be
left empty. This means that buildings that have a portion of their footprint that extend
our in the buffer area will be omitted from extraction. If a building has been omitted
from extraction then adjust the domain to include that building and press

L Extract Building Data J again

‘Tolerance’ sets the tolerance level at which the GUI will check the area and perimeter of
a polygon to see if it is either a rectangular or elliptical building. Only completely solid
buildings are translated to simple QUIC building geometries.

‘Min Area’ sets the threshold for the polygons that will be extracted. Polygons and holes
in polygons must have an area larger than this minimum area to be extracted.

The ‘Building ID’ pop-up menu selects the field that identifies the various polygons that
make up an individual building. This information is used by QUIC to properly account
for the wakes of stacked buildings.

The ‘Extract to’ pop-up menu is where the user decides to extract to either polygon
buildings for use in QUIC-URB or a 3D building array for use in QUIC-CFD.

A 3D view of the extracted building data can be seen by pressing [

City Builder Options

Select <Options> on the City Builder pull-down menu to change City Builder viewing
options.
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8.00

File Edit GUISize o000l
S _City/Ground Options
og. Run Building Correlation :
Manuglly Correlate Buildings
og. Confife Building Parameterizations
i Renddrer >

[ T —— s Option to change city
and ground attributes

options ~
City Builder Options
Building Options Ground Options
(®) Color-by-height [ Change Color ]
O single Color Show Background Map
D Sp— [] show Topo Contours
LNna :‘:,!:‘ LOl0
. Show Topo Labels
Transparent
? Topo Levels
Numbered
Actual sha 3D Axes Options
v
T Show Axes Labels
Building Auto Grouping Update Speed:
[ Restore Defaults ] [ Apply ] [ OK ] [ Cancel ]

The City Builder Options window controls the color and the information displayed.
Building color, ground color, and transparency is specified here. Building numbers and
axes can be turned on and off.

e click Apply or OK to accept changes.

Note: The output of VIS Gui is also controlled by this pop-up window.
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Run Building Correlation

Select the ‘Run Building Correlation’ from the options pull down menu. The run building
correlation option looks for buildings that are touching and groups them together through

a building group id.
i City/Ground Options :
i  Manually Correlate Buildings :
;. Confine Building Parameterizations
i Renderer >
§.— T — T T ——

—

Manually Correlate Buildings

Select the ‘Manually Correlate Buildings’ from the options pull down menu. This option
provides the user the capability of manually grouping buildings together, even those that
are not touching. This option is not functional in the present version and will be included
in the future versions of QUIC

il Options |
]g’l City/Ground Options

; Run Building Correlation 3
§
3 Confine Building Parameterizations

i Renderer 2

B . T —— T — T ..

Confine Building Parameterizations

Select the ‘Confine Building Parameterizations’ from the options pull down menu. This
option provides the user the option of applying the building flow parameterizations to
only selected buildings, i.e., those within a user defined rectangle. On selecting the

[
option, an icon appears in the main City Builder window as shown below.
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'? City/Ground Options =
Run Building Correlation
. Manually Correlate Buildings |

Renderer > |

Press this button and with the cursor select an area around the buildings where you would
like to confine the parameterizations. This is has been shown below:
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The figure above shows the region over which the building parameterizations are
confined. Building flow parameterizations are not applied to the other buildings and only
the initial flow field is utilized. The effect of turning off the building parameterizations
can be seen in the plot below.
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Renderer

e ———
l;’l City/Ground Options : : : :

Run Building Correlation

Manually Correlate Buildings
{. Confine Building Parameterizations 3 N
ZBuffer |
‘ ........ — — — — S R v OpenGL

The default renderer for Citybuilder is OpenGL. This allows the GUI to use transparency
when plotting the buildings so the background image can still be seen below them. You
may want to use ZBuffer instead because it plots significantly faster and is less prone to
visualization bugs. Some graphics cards will not display the 2D city map properly. If
you are experiencing visualization issues in Citybuilder, change the renderer mode to
ZBuffer.
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Met Generator

To open the Met Generator click on the wind rose icor

J QUIC 5.6

test

File Tools Options ~
AR~ E‘ J“@ QUICURE F Y\? ) £| VisGUI | Data | Pressure| Population
Summary -
2] Profet o [ Rungon - crid
J Met Generator test
File Options ~
Save the wind
L Hested Grid: nner Gric t
profile parameters nl B[ ested ot o
Input Type Total Time Start Time Current Time
Number of infl o inerements EREEREK R oo:00:00 ~
umber of inflow ) <i : : : dus =
p O , Time Increment Velocity at
ple Profiles P .
| - | + 00 |- 30 ;@] reference height
L 3D Mesoscale hr min  sec v
Wind Profile Profile Parameters - iougt}}llness
l—l; en
Type of profile < ’Logarithmic v‘ Import Data Uref(mis) Zo(m) 0.1 P g
J<T | paf ) xof  (— o
Profile Formula Zret(m) ’I| 1L(1im) II_I__' Inverse MO
Equation used to 0 o | [ x| Length
calculate prOﬁle all Uiz f',-.';( lon(zjzg)+ Wariz/L))
A ln(zref f20) b Ref: heioh
Click and drag wind eterence height
direction or use slider fg————
or input block IJN
Velocity |4 !
Wind profile
graph
Input block :
for wind < m’;?e 0 4| | >| 4
angle
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e The inflow conditions are specified here. The wind direction is specified through
the compass and arrow. The wind speed is a function of height and can be

specified as a power-law, log-law, urban canopy, or user-specified profile.

Wind Profile Types
Logarithmic Profile

The logarithmic wind profile equation is shown when Logarithmic is selected.

J Met Generator test®

File Options ~
B \ Hested Grid: Inner Grid Outer Grid
Total Time Start Time Current Time
Input Type
Increments
_ _ (00 | 00 |;] oo |[TETED
(®) Single Profile E e i
O Muttiple Profiles [ENelcToTeN
) 3 EXRCENEY
D Mesoscale hr min sec v
Wind Profile Profile Parameters
LLogarithnic k Import Data Uref(m/s) 3 Zo(m) 0.1
Profile Formula L | LI =
Zref(m) | 19 | tm) | }
JN | JICN [N | A il
[7(2) — Yregllnizfzo)+ Wariz/L))
NS la(zref f20)
Wind | I | 4
Angle E ¢ ’

Roughness
Length
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Power-Law Profile

The screenshot below shows the power-law profile parameters.

J Met Generator test®

File Options N
B \ Hested Grid: Inner Grid Outer Grid
Input Type Total Time Start Time Current Time
put Typ Increments

KR AR R oo:00:00

(®) Single Profile \Il e e

O Muttiple Profiles Time Increment
- ] + | oo ;30 ;00
hr mn  sec

Wind Profile —— Profile Parameters
Import Data Uref(m/s) 3

] E
Zref(m) 10

Powver-Law

Profile Formula

R R R ——

[N ) N

Wind II: | 0 4
Angle E ¢ ' U (m.'fS)

The wind profile type is selected through the “Wind Profile” pull-down menu. The
profile parameters box to the right changes for each wind profile type.
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Urban Canopy Profile

In the screen shot below the Urban Canopy Profile has been selected. This profile
represents the area-average impact of buildings (or vegetation) on the flow. The region of
low wind speeds below average canopy height H is typical of winds that have been
slowed by buildings and vegetation upstream of the point of measurement. This profile
uses a different equation for winds above and below the reference height (H). As seen in
the screen shot this profile requires a lot more parameters than any of the other profiles. It
is possible to create a profile that is discontinuous at H, thus care should be taken to avoid
this situation, as it will affect the accuracy of the results.

) Met Generator test* Q|§‘®
N

File Options

L
Input Type

() Single Profile

O Multiple Profiles

Velocity at a
reference height

Hested Grid:
Total Time Start Time Current Time
Increments
(o0 |: o0 |; oo |[TES S

Time Increment

Wind Profile

Urban Canopy :
Reference Height <

B ECEeE
hr mlD_S_e.F

‘ Import Data

Profile Formula

U(z £ H)=U(H)exp(A(g - 1))

U(z > H) = Upeg (In( Z22) + T (352))

o

(n(znesf20)

Wind
Angle

v
Profjle Parameters Roughness
Uref(més) 2om [ 01 Length
manfif ]} o o —
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A
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|l of E—
0 i i Average Building
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([] EEEEEEEE R 2o m -
L2 ) — DT A B—
| '
e e
0 1 '
0 2 4
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Discrete Data Points (User-Specified) Profile

A text box will come up where you can hand type in information. Using this profile it is
possible to enter profiles with directional shear (i.e., wind direction does not have to be
constant with height). Users are cautioned against running the model with large amounts
of directional shear below building height as this will likely produce unrealistic results.

) Met Generator test* Q‘E\@

File Options ~
B 1 Hested Grid:
Input Type Total Time Start Time Current Time
p w Increments

| o:r B ?noin\ :| gzc‘ 00:00:00

I
O hfulfi!ole Profiles mm \ 0;'“‘11 |;l;l't‘3zironot ‘
B hr mn  sec

(®) Single Profile

Data Points Profile

Wind Direction

Wind Profile
Discrete Data Poirts Import Data

Profile Formula

» Wind Speed

U7z} = Cnstom

p| Height

»| Roughness
Length

Angle |:| _:_l

In the text box shown in the figure above, enter the value of wind speed at a given height.
The wind direction and roughness length z0 can also be specified.

If the user has the values of all three components of velocity at a given height, the user

can input them manually by choosing the vector option as shown below. It should be
noted, however, that QUIC-URB does not currently use the vertical velocity components
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when initializing the wind field. The profile is extrapolated from the lowest data point to
the ground using a logarithmic profile with a user specified roughness length (z).

Import Data

One can also directly import a data file in a four column space delimited format: time
(decimal hours), height (meters), wind speed (meters per second), wind direction
(degrees). To do so

‘ Import Data
e select “Import Data”

This opens a window titled ‘Open a Wind Profile’ as shown below

Open a wind profile file Em
Look in: ID code ;] - &5 EE-

) material_library

| ) salt_lake_city

| )test

@] DatalmportDefaults

File name: | Open I
Files of type: |wind Profile Data (. dat) ~| Cancel |

Open the folder titled ‘sample met data’ in the main QUIC folder. This folder has
sample velocity profiles.

Open a wind profile file nn
Look in: ID sample_met_data LI & % B2~

(=) point_timeseries
profile_timeseries
single_point
single_profile

File name: | | Open I
Files of type: | \wind Profile Data (" dat) | Cancel |

e select a wind profile data file in the format mentioned in the above paragraph
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e press “Open”

e The GUI will automatically determine if the imported data file constitutes a

profile or single point measurement.

e [f the data is for a single point measurement, the GUI will prompt the user to
select a profile type as seen below. Enter the number corresponding to the desired

profile type and press “OK”.

) Wind Profile Type [X]

Enter Profile Tyhe:
1 - Logarithmic
2 - Power Law
3 - Urban Canopy

[ 1

oK |

Cancel |

e Figure below shows a sample wind profile imported into the Met Generator

EloX
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Multiple Profiles

To add multiple profiles, choose the ‘Multiple Profiles’ option as shown.

J Met Generator test*

File Options
Multi-Sensor Input——
B Hested Grid: Inner Grid Quter Grid
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Total Time Start Time Current Time
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Osi , (00 |; 00 || oo |[THTED
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= | + | (oo |: 30| 00|
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Wind Profile Data Points Profile
Discrete Data Poirts ¥/ importData ||| 1w || 25 |[ w2 |
2 (m) M (mis) Dir (o)
Profile Formula
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v
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Sensor Name
Zom) | g
AN S | Remove | l sensor1 ]
File Name
20 ¥
\ sensor ‘.inp
L] S A Sensor Posttion
£ X (m)
RS ) S S S
~ ¥ (m)
- S ¢ S— 200 —
: 5 [ Add/Edit Sensor Site(s) ]
18 0
m;ﬁe l 1 J 0 2 4 [ Remove Sensor Site J
U (m/is)

QUIC-URB uses quasi-3D Barnes mapping to interpolate the initial wind fields between
sensors. This option is useful for modeling real cities that have multiple wind sensors in
different parts of the city. Sensors can be placed in the modeled city by choosing the

‘Add/Edit Sensor Site(s)’ [ adEcit Sensor stets) option.

Clicking this option brings up the ‘QUIC Sensor’ Window as shown.
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J QUIC Sensor  test E]|E’®
B‘ 1‘ !| }B‘ }9 i‘ | 244.3p0$m0';12.5 |
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200
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Sensor || Sounding
_1| Sensor

The QUIC Sensor window has the ‘Add New Sensor’ (single point measurement with an
extrapolated profile) and ‘Add New Sounding Sensor’ (profile measurement with
logarithmic extrapolation to the ground) options as shown. To place a sensor at a
particular location, click in the appropriate icon and place the sensor with the cursor by
clicking at the desired location as shown.

This brings up a pop up window as shown. In this pop up wind enter the sensor name and

the height of the sensor and press ‘ok’. This places the sensor at the desired location. This
is shown below.
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) Sensor Name and Height B[E@

Enter the Name of the Sensor

= |

Enter the Height of the Sensor[%
10 |

o ] (et

To place a sounding sensor, follow the same procedure and a pop up window will appear.

In this pop up window enter the sensor name and press ‘ok’. This will place the sounding
sensor at the desired location.

J Sensor Name

Enter the Name of the Sensor

Founcing] |

[ox ] [carcel]

=
After all the sensors are placed, click the saveJ button before exiting.

Once the user exits the QUIC Sensor window, he / she is directed back to the MET
Generator. Here, select the appropriate sensor and enter the wind parameters.
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J Met Generator test® [:]; @
'

File Options
Multi-Sensor Input——
Hested Grid: Inner Grid Outer Grid
sensort I
Input Type Total Time Start Time Current Time senso_r2
put Typ Increments sounding3

O Single Profile
(®) Muttiple Profiles

Tlme Increment

L=+ (o]0 ]: o]

00:00:00

3D Mesoscale v
Wind Profile Data Points Profile .
Discrete Data Poirts  w|| "MPOrtPata B we |
2 (m) M (mis) Dir (o)
Profile Formula
15 28 305 —
20 3 300
v
U7(2) = Custom
Sensor Name
zo(m) [ .1 _
= [ Remove | I sensorl ‘
File Name
I sensor l.inp

Wind
Angle

| C

Z (m)

Sensor Position

xcm)
v

| AddEdit Sensor Site(s) |

Remove Sensor Site

To delete a sensor, use the ‘Remove Sensor Site’

[ Remove Sensor Site ]

option.
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QUIC-URB Physics Options

Several empirical algorithms used by the QUIC-URB wind model can be changed
through the Physics Options pop-up window. On the main QUIC-GUI window select

<Options> <QUIC-URB Physics>.

J) QUIC 5.6# test
File Tools WeNEEGE N
QUIC-Urb Physics
| QUIC-Plume Physics IICURE F " QUICPLUME| Vis GUI | Data | Pressure| Population
‘Write ASCII data files
it UIC-URB Output Fil »
- utput Files =
3 ( Q p v[-] RunBoth v Grid(s)
u QUIC-PLUME Output Files »
Hide Project Summary \RY Modified: 13-Oct-2009
Create  Model Selection Notes |None }
Inlet Profile:  Data Point Entry Wind angle: 302 # of Bldgs: 3
Roof Top: Yortex Welocity ref: AL Scale: 10 10 1

This launches the QUIC-URB Physics options GUI as shown below:

J QUIC-URB Physics Options

E QUIC URB Physics Options

Rooftop Surface Roughnesses
Inner-Grid Zo (m):
Outer-Grid Zo (m) I:I

Convergence Criteria

Max. kerations:
Residual Reduction
(Orders of Mag.):
Diffusion Parameters (Beta)
[] Turn On Diffusion

Street Canyon Algorithm
O off

(3) Rockle w/ Fackrell Cavity

Wake Algorithm
O off

() original Rockle
(O Original QUIC

(%) Modified Rockle

Blended Region Algorithm
(O off (Original Rockle)

& on

Rooftop Algorithm
(O Off (Original Rockle)

() Logarithmic
(%) Recirculation

Upwind Cavity Algorithm
O off

() oOriginal Rockle
O MVP Model

() Highrise MYP Model
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Rooftop Algorithm

There are three choices for the rooftop algorithm: original Rockle (a free-slip boundary
condition), logarithmic (a no-slip boundary condition), and recirculation (a rooftop
vortex). The recirculation option is recommended.

Street Canyon Algorithm

The street canyon vortex can enabled or disabled. The street canyon vortex algorithm
uses the Fackrell cavity length parameterization which limits the effect of aspect ratio on
the length of the downwind cavity.

Upwind Cavity Algorithm

The upwind cavities can either be disabled (off) for all buildings or the user may select
from one of three parameterizations: Original Rockle, an ellipsoid region of zero
velocity; Modified Vortex Parameterization (MVP), inserts a vortex and velocity
retardation region but does not account for the effect of tall buildings on the extent of
these regions; and Highrise MVP, similar to MVP but limits the size of the vortex for tall
buildings. All upwind cavity parameterizations are only applied in front of rectangular
shaped buildings (basic rectangular, rectangular stadium, parking garage) which have a
face that is within 10° of being perpendicular to the approach flow. The Highrise MVP
model is recommended.

Blended Region Algorithm

Formerly known as the intersection algorithm, this causes regions near street canyons to
interpolate the flow around them. It is recommended that this be turned on.

Wake Algorithm

The wakes and downwind cavities behind buildings can either be turned off or the user
can select from one of three parameterizations. The primary difference in the
parameterizations has to do with the definition of the characteristic dimensions of the
building which in turn determine the size of the wake. A further description of the
difference in the algorithms can be found in Nelson et al. (2008). The modified Rockle
algorithm is recommended.

Convergence Criteria

The maximum number of iterations to perform to solve the Poisson equation used for
mass conservation. This forces the code to stop even if the residual convergence criterion
has not been reached. The recommended maximum number of iterations is between 500
and 1000.
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The order of magnitude reduction in the residual to reach convergence. Three orders of
magnitude reduction is recommended. Smaller problems generally require fewer
iterations to converge.

Diffusion (Beta)

This option imposes the diffusion operator on the velocity field. This attempts to mimic
the effects of turbulent diffusion on the mean flow field. The number of iterations
determines how many times it is implemented. This option is experimental and as such is
turned off by default.

=
e After making selections, save the current profile by clicking the save button. J
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QUIC-URB Input Files

The City Builder and the Met Generator sub-GUI’s create the following input files for
QUIC-URB:

List of files

Note: the * proj and associated input files can be modified outside of the QUIC-GUI as
long as the parameters are chosen properly and the format is kept the same.
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Running QUIC-URB

Once the building layout and inflow wind conditions have been defined, the QUIC-URB
code can be run (if the parameters are not specified, the QUIC-URB button will be
deactivated).

QUICURB
e Select the QUIC-URB icon. The light bulb indicates that QUIC-URB

QUI;GfUFx’B

is running and the wind fields are being computed.

When the light bulb disappears, the QUIC-URB model has finished running. The
computed wind fields can be used as input to the QUIC-Plume dispersion model, the
QUIC-Pressure code, or can be visualized with the Vis-GUI. Refer to the Vis-GUI
section for visualization options.
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QUIC-CFD
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QUIC-CFD

QUIC-CFD is a simplified computational fluid dynamics model that uses the QUIC-URB
input files and produces a steady-state 3D mean wind field. It can be used in the place of
QUIC-URB to produce the 3D wind field used by QUIC-PLUME. QUIC-CFD is faster
than most CFD codes, but not as fast as QUIC-URB. While it is slower than QUIC-URB
it can more easily handle complex geometries since it uses the governing equations
instead of empirical parameterizations to produce the building effects on the flow field.

Model Selection
From the 'Options' menu at the top of the Main GUI choose “Model Selection”:

) QUIC 5.6  test

File Tools Nefsilt ~

QUIC-Urb Physics
2 [ QuIC-Plume Physics ICURE
‘Write ASCII data files

JUICPLUME] Vis GUI | Data | Pressure

Population

Summary )

I‘ ( QUIC-URE Output Files  » 3 E] Run Both v Grid(s)
QUIC-PLUME Output Files »
Hide Project Summary Modified: 13-Oct-2009

IRY
oy Model Selection Notes [None
\ — |

Inlet Profile:  Data Point Entry Wind angle: 302 # of Bldgs: 3
Roof Top: Yortex Velocity ref: 25 Scale: 10 10 1

J QUIC Inner-Grid Model Selector

Wind Model

(®) QUIC-URB
O QUIC-CFD

Turbulence Model QUIC-PLUME Input

@ QUIC-PLUME Use Non-Local Mixing
O QUIC-CFD

By default QUIC uses the QUIC-URB wind solver to produce the wind field for QUIC-
PLUME. Note also that the default turbulence model used is the one inside of QUIC-
PLUME and that the non-local mixing option in QUIC-PLUME's turbulence model is
turned on.
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By clicking on the QUIC-CFD radio button, the user can choose to produce the wind
field using QUIC-CFD:

J QUIC Inner-Grid Model Selector

—————— QUIC-CFD Input ————
A dt (s) |0.90681

#Time Steps | 339

O) QUIC-URB Lrmix (| 5.3125 | 2 |
(®) QUIC-CFD #Press. lter.| 15 ;l

QUIC-PLUME Input

—— Wind Model

Turbulence Model

(® QUIC-PLUME Use Non-Local Mixing

O QuUIC-CFD

When QUIC-CFD is selected the QUIC-CFD Input panel becomes visible (see above).
The GUI will automatically generate values for these parameters based on the wind
speed, the grid cell size, the size of the domain, and the average building height. Below
is a list of the parameters and a brief description of each.

e dt - the CFD model time step (forced to satisfy the Courant condition).

e # Time Steps - the number of time steps used to allow the model to converge on a
steady state solution.

e L,ix — the maximum allowable turbulent mixing length (based on the average
building height)

e # Press. Iter. - the number of pressure iterations performed for each time step.

When running QUIC-CFD, the user has the option of using the turbulence fields
produced by QUIC-CFD or using the default turbulence model inside of QUIC-PLUME.
If the “QUIC-CFD” turbulence model option is selected, the non-local mixing option
disappears in the GUI as this option is only available to the QUIC-PLUME turbulence
model.

Note that selecting the “QUIC-CFD” turbulence model when the “QUIC-URB” wind
model is selected will cause the GUI to automatically switch the wind model to “QUIC-
CFD”.

A

Pressing J in the QUIC Model Selector GUI will save the model parameters to the
appropriate input files in the project folder and the “QUIC-URB” button on the Main
GUI will change to “QUIC-CFD”:
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J QUIC 5.6# test E]|EJ®
File Tools Options N
F K=,

X

QUICCFD Vis GUI | Data | Pressure| Population

27"

Jhalle

: ' —
| Project o v [-] RunBoth v Grid(s)

NOTE: QUIC-CFD is limited to either a logarithmic or power-law inflow profile and
cannot use multiple profiles within the domain. Multiple wind profiles in time are
allowed, however. If you select the QUIC-CFD model when you have multiple sensors
or are using the urban canopy or data points profiles you will receive the following
message:

) Error Dialog

Running in QUIC-CFD mode requires that only a single logarithmic or
power-law profile be used. Please change these parameters in the Met GUI.

You then need to return to the Met Generator GUI and change the appropriate wind
profile parameter settings.

Running QUIC-CFD

Once the building layout and inflow wind conditions have been defined, the QUIC-CFD
code can be run (if the parameters are not specified, the QUIC-URB button will be
grayed out and deactivated).

QUICCFD QUIGGED

Press the QUIC-CFD icon. The light bulb
running and the wind fields are being computed.

indicates that QUIC-CFD is

You will notice that the GUI actually runs QUIC-URB (although without going through
any iterations with the SOR solver) before it runs QUIC-CFD. This is because QUIC-
CFD uses the QU _celltype.bin file produced by QUIC-URB to define the building cells
in the domain. QUIC-PLUME will also need the QP_buildout.inp file produced by
QUIC-URB if the QUIC-CFD turbulence model is not selected.

When the light bulb disappears, the QUIC-CFD model has finished running. QUIC-CFD
automatically produces its own pressure data which can be visualized in the Pressure

GUI. The winds can be visualized in the Vis GUI similarly to the wind fields produced
by QUIC-URB.
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QUIC-PLUME
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QUIC-PLUME Source Parameters

e To open the QUIC-PLUME Source Setup window click on the smoke stack

Fal

e The source type, the release location, the size of the release, the release duration,
and the material and associated properties are set here.

Save source
parameter
information
to project

J QUICPLUME Source test E]‘f‘@
— Source Properties ———

o il jj‘

Source Type ’Basm

Multi-Source ] Plot All Sources

[ Source 1 }

(>

[ Add Source ]

v [ Remove Source ]
Release Type Start (s) E
Ilnstantaneous M ‘
Source Strength

10 ’g V‘ ’Tcrtal Mass V‘
(- )+

Open Agent
Library File

Open Agent
Properties Panel

Source Geometry [Spherical Shell v

ke (m) Radius (m NaMN

[ Graphically Place Source ]
Plot Streamlines [ Plot Buildings

\

/

3D visualization
of source

Show 3D
streamlines
from source
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Agent Type

The artificial agent library is included in the standard release of QUIC. This library
includes six different agent types with various properties which can be used in QUIC-
PLUME. They are shown below. An Official Use Only agent library with actual agent
properties is available for users who meet the release requirements.

Agent

Ideal Gas

Ideal Gas
Depositing Gas

Decaying Gas - Day
Decaying Gas - Night
5 Micron Particle

15 Micron Particle

Source Type

The user can pick from eight different source types. They are shown below

’Basic

N\ Y

Basic
Dense Gas

Distributed Particle Size
Explosive

ERAD (Deprecated)
Bio-Slurry

2-Phase (Beta)
Exfittration (Beta)
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Dense Gas
Choosing the ‘Dense Gas’ option brings up the ‘Buoyancy Properties” Window.

J QUICPLUME Source* test

—— Source Properties Buoyancy Properties
B Agent ‘ | !" | ’C:IDocuments and Settingsi1 8?664.W|N1ru‘
IIdeaI Gas V‘
Ambient Temperature 293 K
Source Type IDense Gas Amhient Pressure 1 atm
Ambient Relative Humidity 0.2 0-1
Multi-Source [ PlotAll Sources Include Inetial Effects on Cloud Advection
~ - .
_ |l Source 1 | [[] Use Two-Phase Thermodynamics

[ Add Source ]

v [ Remove Source ]

Release Type Start (s) II]

’Ins’(amaneous v

Source Strength

w ‘g V‘ ’Total Mass v‘
-+ Density (kyfm*3)

Source Geometry [cyunder

X(m)  NaN Height (m)Y  NaN
Y(m)  NaN Radius (m)  NaN
Z(m) MNaN

IL

[ Graphically Place Source ] i [ i [ %lk
Plot Streamlines I:I Plot Buildings Nl Add surface elevation

The user can manually input values for these properties. In order to choose previously

&
saved values, click the open buttonJ. The user is directed to the material library
folder or can navigate to the desired QP buoy.inp file. After choosing the desired

Open

QP_buoy.inp file, click on the open button . This will load these values into

the ‘Buoyancy Properties’ window.
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There are two options for dense gas algorithms: 1) the standard slab algorithm which only
accounts for entrainment to reduce the density of the cloud and 2) two-phase
thermodynamics which accounts for the effects of evaporating droplets on the dense gas
dispersion. The standard algorithm can simulate both instantaneous and continuous
releases but the two-phase algorithm can currently only be used for instantaneous
releases.

If two-phase thermodynamics have been selected then several more parameters become
visible.

) QUICPLUME Source* test

——— Source Properties Buoyancy Properties——
Agent -
= 9e - | |ciDocuments and Settings\1 87664 WINW
Ildeal Gas V‘ ! ‘m
Ambient Temperature 293 K
Source Type IDense Gas v} Ambhient Pressure 1 atm
Ambient Relative Humidity 0.2 0-1
BB Sowmce [ Plat All Sources Include Inertial Effects on Cloud Advection
~ . .
2| Source 1 | %Use Two-Phase Thermodynamics
( Add Source | Molecular Weighl| 70.906 | g/mol
v| [ Remove Source | Boiling Temperature| 239.11 | K
——— Liguid Density| 1562.5 | kg/im*3
SHELE E Heat of Vaporization| 287846 | Jikg
Vapor Thermal Conductivity| 0.0089 | Wiim*K)
Source Strength Vapor Heat Capacity) 478.79 | Jikg*K)
Liguid Heat Capaci . Ji(kg™
10 Ig v] ’Total — v‘ q pacity| 926.3 (ka*™K)

Diffusivity @ Th |8.58e-001 m*2fs

) ima
[:] BEIEIAL A Kinematic Viscosity |3.75e-001 m*2is

Source Geometry leIinder v‘ Droplet Diametet| 100 micron
Evaporation Time Step | 0.0001 | s
Use Adiabatic Flashing Source

i (m) Lo (m Vapor Mass Fraction| 017342
Y (“") Radius (m Vapor Temperature | 23311 | K
z (m) EAM Droplet Temperature | 23911 | K

Exit Density | 20.6121 | kg/m*3

[ Graphically Place Source ] i i %
Plot Streamlines  [_] Plot Buildings nlt\ | Add surface elevation
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Most of these parameters can be easily found for a wide range of materials by a simple
web search. The diffusivity of the agent at its boiling point is usually the most difficult to
find. Often this parameter must be calculated using one of various diffusion coefficient
algorithms.

Depending on the agent and the circumstances in which it was released, the release may
be assumed to flash adiabatically. When the adiabatic flashing source is selected the
vapor mass fraction is determined by a simple balance of the enthalpy released to bring
the liquid droplet temperature down to the boiling temperature and the latent heat of
vaporization. This assumes that the agent is stored at some temperature above the boiling
point at a pressure sufficiently large to condense the agent in the storage tank. When the
agent is released from the tank it is released as liquid droplets of the specified size. Part
of these droplets evaporate almost instantly (flash) due to the sudden change in pressure
upon being released into the atmosphere. This evaporation takes place so quickly that it
can be assumed to only occur within the droplet. The mass that is evaporated from the
droplet takes the energy it needs to change phase from the enthalpy of the remaining
liquid in the droplet.
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Distributed Particle Size

Choosing the ‘Distributed Particle Size’ option brings up the ‘Particle Size Distribution’
window as shown below.

J QUICPLUME Source* test

—— Source Properties

o X

———"

SLUCL Ll Distributed Particle Size V

Multi-Source [] Plot All Sources
=

Source 1 ‘

[ Add Source ]

v [ Remove Source ]

Release Type Start (s) |I]

’ Instartaneous Vg |

Source Strength

w ’9 V‘ ’Total Mass v‘
N

Source Geometry ’Spherical Shell v

¥ (m) Radius (m)  Nal

[ Graphically Place Source ] [ [
Plot Streamlines [ Plot Buildings i i

Size Distribution

|~ | (C\Documents and Settings\187664 WINW
I 0 ] to I 10 } microns
( Concentration Size Bin Editor |
[[] use Lognormal Distributions
Mass Median Diameter Mass
Range (micron) Fraction
-~
v
Sum of Mass Fractions =1
Upper Limit Mass
(microns) Fraction
| 0 | 1
Add Bin Remove Bin
Automatically Generate Size Bins
1 T T T T T T T T
08f---------- R L R S S Y T
@ : : A T T T
c ' ' ' ' ' ' [
2 . . Voo
g 0B f---------- I it St e e e
w : : oo
5| N S
= : : N
= ' ' T
m ' ' ' T
02 f-oaseene ey
0 - H H HE- I - .
10 10
Diameter (micron)

The user can choose ‘Lognormal Distribution’ of particle sizes by checking the
‘Lognormal Distribution’ check box.

[V Use Lognormal Distributions
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The log normal distributions can be distributed by either mass or by particle count. The
distribution type is selected with the pop-up menu next to the checkbox that enables the
log normal distribution option.

Distributed by Mass k v

Distributed by Mass

Distributed by Number
Log normal distributions are defined by a representative diameter (), which is the mass
median diameter in the case of distributions by mass and count median diameter in the

case of distributions by count, and a geometric standard deviation (c). These parameters
define a probability density as a function particle diameter (d) shown below:

pf= e os{ln(ﬁ(jﬂ

In the case where multiple distributions are used to define the total distribution a mass
fraction (for mass distributions) or a number fraction (for count distributions) is also
required. If the user chooses the ‘Distributed by Mass’ option, he / she can enter the
values of the mass median diameter, geometric standard deviation and mass fraction in
the input box as shown below.

[

Mass Median Geometric Mass
Diameter STD Fraction
[ 25 | 12 | 1
Add Distribution | Remove Distribution |

If the user chooses the ‘Distributed by Number’ option, he / she can enter the values of
the count median diameter, geometric standard deviation and number fraction in the input
box as shown below.
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[~

Add Distribution

Count Median  Geometric Number
Diameter STD Fraction
| 25 | 12 | 1

| Remove Distribution |

The user can add distributed particle sizes by clicking the ‘Add Distribution’ button and
entering the values of the mass median diameter, geometric standard deviations etc of the

various particle sizes. This is shown below.

) QUICPLUME Source* test

o

—— Source Properties

B‘%Jj

Size Distribution

[CADacuments and Settingsi1 87664 WINi
[ o |t 10

] microns

Concentration Size Bin Editor ]

‘ Source Type IDls‘lnbuted Particle Size ¥ ‘ |

Use Lognormal Distributions

Multi-Source ] Plot All Sources

Geometric Mass
(micron) STD Fraction

1.z 0.5 ~

lDistributed by Mass V‘
m Mass bedian '
Diamet i
Add Source ]
1 . N
Remove Source 3

Release Type Start (s) E
=
Sum of Mass Fractions = 1
Source Strength Mass Median Geomettic Mass
Diameter (micron) STD Fraction
10 lg V‘ ’Total Mass V‘
=) L 2s |l 12 J[ bs |

Add Distribution ][ Remove Distribution l

Source Geometry | g,y icq Shell v [ ”

Mass Distribution

12L--
¥ (m) Radius (m)  Nal :

08 f
osf
04k

02 E

[ Graphically Place Source ] ol
Plot Streamlines [] Plot Buildings i i

'
tmkor |71
25mkmo |

..........

............

10°
Diameter (micron)

To remove any distributions, the user can select the distribution with the cursor and click

Remowve Distribution

on the ‘Remove Distribution’ button
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If lognormal particle size distributions option is not selected, QUICPLUME can use a
particle size distribution composed of discrete bins with corresponding mass fractions.
In case of multiple particle size bins, the lower limit of the second bin (bin with bigger
particle sizes) is taken as the upper limit of the first bin (bin with smaller particle sizes).
QUICPLUME assumes that all of the particles in a particular bin have the mean bin
diameter. The smallest bin has a lower limit of zero yielding a mean size of half the
upper limit.

Mean Size of particles in a bin = (Upper Limit + Lower Limit) / 2

For example, if there were two bins with particle sizes distributed between 0-5 micron
and 5-10 micron; the mean particle size for the first bin would be (0+5) /2 = 2.5 micron;
the mean particle size for the second bin would be (5+10)/2 = 7.5 micron (upper limit of
first bin = lower limit of the second bin).

The ‘Particle Size Distribution’ window provides the user the option of either entering

these bins manually using the ‘Add Bin’ button Add Bin ‘ or they can use the

Automatically Generate Size Bins

‘Automatically Generate Size Bins’ option
to produce discrete size bins from the lognormal distributions.

Note: This function was originally introduced when the discrete size bins were the only
method to input particle size distributions. Now that QUIC-PLUME uses the lognormal
distributions to produce continuous particle size distributions directly, this functionality is
obsolete.
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J Figure No. 1 -|D|ﬂ
File Edit View Insert Tools Window Help
Desda "A A/ 2P0
05 T
P L e E 3
7 S 0 f o e A
@ H : H : : H
=
o H , H : , H
e o R S
(TN ' ' ' ' ' '
o H H H : H H
L R IRRRRRREEEER - toomooee- -
= o : : : :
= H H H : H H
m h H h : H H
L b h b R IR H A i
L
G- * *
10
) Automatic Size Bin Gener...m
1~ Enter the maximum diameter of the
smallest size bin in microns:
| 1.7361
08
= Enter the maximum diameter of the
.g largest size bin in microns:
2 06 [36
g Enter the total number of particle size
w 0.4 bins:
@ |3
=
0.2 0K | Cancel |
) "
0
10
Diameter (micron)

In the ‘Automatic Size Bin Generator’ window, enter the values as shown and press the

‘ok’ buttonL. This leaves the user with a figure showing the ‘Bin Mass Fraction’
and ‘Mass Distribution” with respect to the bin diameter.

Closing this figure takes the user back to the main ‘Particle Size Distribution” window
and here the user can see the bins generated and their corresponding mass fractions.

|
In order to choose previously saved particle distributions, click the open buttonﬂ. The
user is directed to the material library from where he / she can choose a previously saved
QP _particlesize.inp file or the user may navigate to a previously saved project and load
the QP_particlesize.inp file from another project folder. After choosing the desired file,

click on the open button ﬂl This will load the new values into the ‘Particle Size
Distribution” window.
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Explosive

Choosing the ‘Explosive’ option brings up the ‘Buoyancy Properties’ and ‘Particle Size
Distribution’ window as shown below. Using this option QUIC-PLUME computes the
buoyant rise of the plume internally using the initial explosion characteristics and the
thermal properties of the atmosphere entered in the Buoyancy Properties panel. This
source type is recommended over the ERAD source type, which also simulates explosive
releases, because this method takes into account the effects of the local winds on the

buoyant plume.

) QUICPLUME Source* test (=3
Source Properties Buoyancy Properties Size Distribution
Agent B " ] =
B 92 G [ |[cipocuments and Settingsvis7asaminm| || [ | [caDocuments and Setiingst1 87664 Wik
Ideal Gas | Gb i
Ambient Temperature 293 K El to II microns
’ Source Type | Ambient Pressure 1 atm [ Concentration Size Bin Editor ]
Ambient Relative Humidity | 0.2 0-1 Use Lognormal Distributions
Multi-Source ot All Soureas
. S AN STEeE [Distributed by Mass v
sl : Mass Median Geometric Mass
Diameter (micron) STD Fraction
- = 7, = Fireball Temperature | 360 | K 1 1.2 0.5 A
Ar -
Radiative Energy Loss 0
Release Type Start (s) :
Height Above Temperature B
Ground Level {m) K "
Sum of Mass Fractions =1
Source Strength m Mass Median Geometric Mass
~ Diameter (micron) STD Fraction
10 ] V] [Total Mass V]
B l 25 ‘ | 12 ‘ l 05 ‘
[ Add Distribution " Remove Distribution ]
14
12k--
Y c 1p--
U (m) fas (m Height Above Temperature £ | : .
Ground Level {m G (1G] SRR TR Lol TR LD 1k -
Z(m)l NaN ] & & B ::m::ollol H
l 24 J | 293 | L B T
@ H HE
Add Temp Level emove Temp Leve = 04f-- B St PN
l Import Temperature Profile l 02p-- E rotees Ko TE
[ Graphically Place Source ] i i [ Plot Potential Temperature Profile ] 0 =
[¥] Pict Streamlines  [] Plot Buildings 1%_ e (ricron)
lameter (micron,

Enter the Buoyancy properties of the explosive gas in the buoyancy properties window.

Temperature levels can entered manually by typing in the values in the ‘Height Above
Ground Level’ and ‘Temperature’ boxes and clicking the ‘Add Temperature’ button

Add Temp Level I

Height Above Temperature
Ground Level {m) (K)
| 20 | | 293 |
| Add Temp Level Remove Temp Level
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Existing temperature profiles (if any) can be imported using the ‘Import Temperature

Import Temperature Profile

Profile’ button

The potential temperature profile (measured from ground level with the adiabatic lapse
rate) can be visualized by pressing the "Plot Potential Temperature Profile" button

Plot Potential Temperature Profile

Enter the values in the ‘Particle Size Distribution’ window based on the explanation
given in the previous section.

After performing these steps, move to the ‘Source geometry’ portion of the main
window. Here the user will find the source geometry as ‘Explosive’.

Source Geometry e...i.c W

Enter the locations and mass of the high explosive (HE) in kg. The initial blast radius
(one atmosphere overpressure radius) and approximate height of the plume after it comes
to equilibrium are calculated based on the amount of HE mass. This is shown below.

Source Geometry Explosive v
X (m) 14 HE mass (kg) 1
Y(m) 20 Radius (m) 311023
Z(m) 101

[ Graphically Place Source ] J J
[] Plct Buildings i g

To view the location of the explosive in the city, the user can use the ‘View source

The latest version of the explosive source calculates building damage radii and may
require QUIC-URB to be run again. The first radius at 15 psi overpressure destroys all
buildings within it and makes these buildings inactive (which is why QUIC-URB must be
run again if it has already been run). The second radius at 1 psi overpressure damages the
buildings (i.e., makes them much more leaky for purposes of building infiltration
calculations discussed in a later section). This building damage model is obviously

placement in the city’ button
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highly simplified from reality but is likely sufficient given all of the inherent errors and
approximations inside of QUIC.

Explosion

ERAD

Choosing the ‘ERAD’ option brings up the ‘Particle Size Distribution’ window as shown
below. The ERAD source type also simulates an explosive release similar to the
Explosive source type. The principal difference lies in the fact that for this source the
particle distributions and equilibrium plume are initialized at the source location using
output from the ERAD model. Thus, it is assumed that the time that it takes for the
buoyant plume to come to equilibrium is negligible and the distribution of the various
sizes of particles in the plume occurs instantaneously.
(&

The user can import previously saved parameters by clicking the ‘open’ button and
navigating to the desired QP_erad.inp file from the material library folder or he / she can
use any other files by navigating to their respective folders.
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) QUICPLUME Source* test =13
— Source Properties Size Distribution

B Agent [‘ ’C:IDocuments and Settingsi 8?664.W|N1ru|
lldeal Gas v‘ I 0 l to[ 10 } microns

Source Type [ Concentration Size Bin Editor ]

Multi-Source Plot All Sou

—————— Mass Median Diameter Mass
[ S — I Range (micron) Fraction
= 0-1 microns A
Add Source 1-50 microns 0.3333 7
= - S50-100 microns 0.3333
EMove Source

Release Type Start (s) E . v

Sum of Mass Fractions = 0.9999
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(microns) Fraction
Source Strength I ‘ l
w lg Vl [Total Mass ]
[3 Add Bin Remove Bin
Automatically Generate Size Bins

Source Geometry ’Explosive

035

X (m) HE mass (kg) 1 03

Y (m) Radius (m) 3.11023 0

02

III L€ | <

LI viass |ooraelun s

Z(m) 101 Height (m)  92.56
015

01t

0.05

"
v
saaal

10' 10
Diameter (micron)

- o
DI

[ Graphically Place Source ] i
Plot Streamlines [ Plot Buildings

Under the ‘Source Geometry’ section, enter the location and mass in kilograms. To view
its location in the city, the user can use the ‘View source placement in the city’ button

&
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Bio-Slurry

Choosing the 'Bio-Slurry' option brings up both the 'Evaporation Properties' and 'Size
Distribution' panels. The bio-slurry source type simulates a source that is a mixture of
water and a biological agent. Once the mixture is aerosolized the water will evaporate off
of the droplets depending on the temperature and relative humidity of the air. The size
distribution defines the initial sizes of the droplets. The 'solids concentration' and
'effective solids density' are used to determine the minimum size that the droplets will
become after all of the water is evaporated off. 'Solids concentration' refers to the mass
of solids within each mL of solution. 'Effective solids density' takes into account the fact
that the solids will still have gaps between the particulate after all of the water has
evaporated off. The bio-slurry algorithm assumes that all of the solids stay together, i.e.,
will not break apart further after all of the water is gone.

) QUICPLUME Source* test fEx
Source Properties Evaporation Properties Size Distribution
Agent -
B g - & |[ca [c \Documents and Settings\1 87664: WINY
Ideal Gas | ! sb
— Ambient Pressure [ 1 atm microns
’ Source Type [SHEI | Sticking Efficiency 1 Concentration Size Bin Editor ]
Thermal Accomodation 1 D Use Lognormal Distributions
[ [ Plot All Sources Solids Concentration 01 gicm*3 Mass Median Diameter Mass
e v R i Fracti
FE | Source ] Effective Solids Densty| 08 | giom'3 S recten
R
v
Release Type Start (s —
@ E Sum of Mass Fractions = 1
Upper Limit Mass
(microns) Fraction

Source Strength

L1 v [Totel Mass v ‘ 0 || 1 |
[:][I] Height Above Temperature Relative [Tl

Ground Level (m) ) Humicity [ Automatically Generate Size Bins ]

Source Geometry lSpherical Yolume Vl ]
A T T — T T T T T
X(m) 17.446 10 z292.2 0.3 R
Y(m) 23.361 Radius (m 1 | H H H
: .
Z(m) 5
||| 8
T w
Height AGL Temperature Relative (3
(m) K) Humidity g
£
\ 2 | 293 [ 03 )
- ’ Add Met Data Level " Remove Met Data Level ]
[ Graphically Place Source ] i 0 .
Plot Streamlines D Plot Buildings ’ Import Temperature & RH Profile ] 10 10

Diameter (micron)
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Two-Phase

The two-phase source type uses the same evaporation algorithm as the bio-slurry source
type but instead of assuming the evaporation properties of water it uses several additional
algorithms to estimate some of the physical properties of the agent. When the '"2-Phase’
option is selected both the 'Evaporation Properties' and 'Size Distribution' panels become
visible but there are quite a few more parameters in the 'Evaporation Properties' panel
which must be defined.

) QUICPLUME Source* test (=3
Source Properties Evaporation Properties Size Distribution

Agent — y = - n
Al e © |fea ‘ | | [cADocuments and Settings\1 87664 WiNw|
Ideal Gas ™ 3 i
Ambiert Pressure atm E to microns
’ Source Type Sticking Efficiency [ Concentration Size Bin Editor ]
Thermal Accomodation [Juse Lognormal Distributions

18 atm

Multi-Source [J Plot All Sources Droplet Fraction Mass Median Diameter Mass
< Range (micron, Fraction
S CrcalPressure | 218 | = mere)
‘Add Source Critical Temperature ]
Remove Source Boiling Temperature | 37315 K
Yapor Molecular Weight o/ mol 3
Release Type stat)| 0 | Liouid Molecular Weight | 18.0153 | g /mal S s R Tm =
Instantaneous M Liquid Density g9/fem'3 Upper Limit Mass
e (microns) Fraction
Source Strength Mean Free Path | 4.3e-008 |'m
Surface Tension Coef. erg K [ o ‘ [ 1 ‘
v v
ol |[Totl ass | stomic Volume [ e | s
in emove Bin
D Height Above Temperature Relative
Ground Level () ) Humidity [ Automatically Generate Size Bins ]

X(m) 17.446 10 292.2 0.3
Y (m) 23.361 Radius (rn

“

=

Height AGL Tempersture Relative "g'
(m) (K) Humidiity g
2 [ w [ s |||B

- [ Add Met Data Level J[ Remove Met Data Level J - : oo
[ Graphically Place Source ] i i 0
Plot Streamlines [ Plot Buildings [ Import Temperature & RH Profile ] 10 1o

Diameter (micron)
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Multi-Source

Some source types (basic and distributed particle size) can have multiple sources in a
single simulation. The user can choose multiple sources by clicking on the ‘Add Source’

( Add Source ) button under ‘Multi-Source’

Multi-Source ~[J Plot All Sources

Source 1 -~

Source 1

Add Source ]

[
bl [ Remove Source ]

For each of the sources added, the user can input different source parameters by selecting
the source and entering the values of the various parameters

| Multi-Source ~[J Plot All Sources

Source 1 A

e » Source 3 |

L Addsowce |
v [ Remove Source ]

To remove a source, the user can select the source with the cursor and click on the

‘Remove Source’ button |__Remove Source |

By default only one source is shown in the Plume Source Placement window at a time.
Checking the Plot All Sources checkbox causes all of the sources to be plotted at the
same time.

Release Type

Three different release types can be selected from the pull-down menu: instantaneous,
continuous, and finite duration as shown below. ‘Instantaneous’ means that all of the
particles are released at once. ‘Continuous’ means that the particles are released at a
constant rate from the source start time through the entire duration of the simulation.
‘Finite Duration’ means that the particles are released at a constant rate for the amount of
time entered in the text box that appears next to the release type pull-down menu when
finite duration is selected.
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Release Type  gfart(s)| 0 |

Instantaneous N ‘

|

ns‘tantaneous Strength

Continuous

Finite Duration Con. q Total Mass v

The user can specify the start time for the release by entering the time in the ‘Start (s)’
window as shown below. The default value for the ‘instantaneous’ and ‘Continuous’ type
releases is set to zero. This is feature is primarily intended for multiple sources which do
not start at the same time.

Stat(s) o0 | ‘

For the ‘Finite Duration’ type release, the user should specify the start time and duration
of the release as shown below.

Release Type Start () [ 0

:Fin'rte Duration Con. | Duration(s)| 100

Source Strength

The size of the release is controlled through the “Source Strength” text box. The amount
released can be represented as total mass, mass flow rate, total volume and volume flow
rate as shown below.

Source Strength

10 q V| | Total Mass k b
C] Total Mass

Mass Flow Rate

Source Geometry E Total Volume
Yolume Flow Rate

.o | E——

Choosing the source strength type determines the units available in the Source Strength
Units Pull-Down Menu as is shown below. Since QUIC-PLUME always uses mass for
material amounts, volumetric source types also require a fluid density in kg/m”.
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After selecting the source strength type and units the user can either use the edit box to
edit the source strength value or increase or decrease the value using the increment —

decrement buttons
-+

Source Geometry and Placement
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Six source geometries are available to the user in QUIC-PLUME. They are sphere, line,
cylindrical area & volume, rectangular area & volume, explosive, moving point sources,
and submunitions sources. The source type selected determines the geometries that are
available for use in a project. Currently the dense gas source is uses the cylindrical
area/volume source and the explosive source geometry is only used in the explosive and
ERAD source types. The geometries that are available for basic and distributed particle
size source types are shown in the figure below.

Source Geometry | e icql Shell v
X(m) 604.022 | REEEEEREE k
Spherical Yolume
Y(m) 703.19 Line
Zm) 111 Cylinder
Rectangular Area’Volume
Moving Point
Submunitions

Choosing ‘Spherical Shell’ or ‘Spherical Volume’ creates a sphere centered at the
location specified in the X, Y, Z location text boxes with the given sphere radius. The
shell places all of the particles at the radius specified while the volume distributes the
particles evenly throughout the sphere. ‘Line’ creates a straight line between the points
defined in the X, Y, Z begin and end point text boxes. Note that the line can have
multiple segments, choosing the segment updates the beginning and end point edit boxes
with the values for the selected line segment. Choosing ‘Cylinder’ creates a cylinder
centered at the location specified in the X, Y text boxes with the given height and radius.
Note that choosing a height of zero creates a circular area source. Choosing ‘Rectangular
area / volume’ creates a volume with the specified length, width and height. Note that
choosing one of the dimensions as zero can result in a 2D plane area source. Choosing
‘Moving Point’ allows one to create a path between user-specified waypoints and to
specify a velocity of the point at each way point. The source will have a constant
acceleration between way points determined by the beginning and ending velocities.
Particles are randomly placed on a line, along the traveled path over a time step, in a
plane, or within volumes when released.

The source location can be set using the text boxes or by clicking ‘Graphically Place

Source’. Notice that as you graphically move the source around, the X and Y locations
update automatically and the z location adjusts if the source is dragged over a building.

[ Graphically Place Source ]
[v] Plct Streamlines  [_] Plot Buildings i i
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Spherical Shell and Volume

To place a spherical source where all of the particles are placed at the radius, select the
source geometry as ‘spherical shell’ and enter the co-ordinates of the location and radius
of the sphere as shown below. Selecting ‘spherical volume’ evenly distributes the

particles throughout the spherical volume.

X (m) 398.751

¥ (m) 608.876

zm 15

i

Source Geometry \Spherical Shell v

Radius (m# 10 ‘

K (m)

:

398,751
¥ (m)| 608676 |
Zm 15

:

Source Geometry [

Spherical Yolume v

Radius (m# 10

To view the location of the source, press either the ‘View the source placement within the

city’ buttong or ‘View the source emitted streamlines button’ E
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To graphically place the source, click the °‘graphically Place Source’ button
[ Graphically Place Source

This will launch a ‘Plume Source Placement’ window shown below. With the cursor,
place the source at the desired location. The 3D image manipulation buttons at the top of
the window can be used to zoom in on a particular area of the city if greater detail is
required for graphical source placement.

) Plume Source Placement Q@@
-~

S P asdE L LT ¥ @ B Bx [
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Line

To place a line source using the text box option, select the source geometry as ‘line’ and
enter the co-ordinates of the start and end locations of the line as shown below.
Alternatively, this could be done using the ‘Graphically Place Source’ option.
Graphically defining a line source involves left-clicking the number of segments plus one
locations on the Plume Source Placement window to define the beginning and end of all
the segments.

Source Geometry | ;.. v
Segments' 3 k Segment ¥4 v
Kstart(m) 10367 | Xend(m) 15984
Yostart(m) 13.037 Yend(m) 26.768
Z start (m) 2 Z end (m) 2

: SN ~,

Line Source
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Cylindrical Area/Volume

To place a cylindrical source using the text box option, select the source geometry as
‘cylinder’ and enter the co-ordinates of the location of the cylinder and also the height
and radius of the cylinder. Alternatively, this could be done using the ‘Graphically Place
Source’ option.

Note: This is the only source geometry available for dense gas source types.

Source Geometry ’Cylinder N

X (m)@ Height (mz
% (m@ Radius (m]{I

I N N B
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Rectangular Area / Volume

To place a rectangular source using the text box option, select the source geometry as
‘Rectangular Area / Volume’ and enter the co-ordinates of the location of the source and
also length, breadth and height (if the source is a volume). Alternatively, this could be
done using the ‘Graphically Place Source’ option.

Source Geometry [Rectangular Arealv... ¥

Xfo (m) Length (mm
Ifo (m) Height (m

124



Moving Point

To place a moving point source using the text box option, select the source geometry as
‘Moving Point’ and enter the co-ordinates of the start and end locations of the source and
also velocity of the source at the start and end locations. Alternatively, this could be done
using the ‘Graphically Place Source’ option.

Source Geometry Moving Paint v
Segments 3 Segment #4 v
Kstart (m) 12,517 Kend(m) 16.331
¥ostart (m)] 5,686 Yend(m) 25589
Zstat(m) 101 Zend(m) 101
Y start (mfs) 1 Y end (mis) 1

Moving Point

Note: There are checks in the graphical source placement functions to prevent the
placement of any part of the source inside of a building and the vertical position of the
source is automatically selected to avoid placing any part of the source inside of a
building.

You will need to click on J to save current parameters and close the Source

Placement Window.
Submunitions
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The submunitions source geometry is intended to simulate a source generated from
multiple carriers (projectiles) launched at a target. Each of these carriers can break apart
into a user specified number of submunitions (smaller projectiles) before impact. Due to
the probabilistic nature of this type of source, it is defined by the target location, the
direction of fire, and the range, deflection, and burst height error probable for both the

carriers and the submunitions.

submunitions per carrier.

It also uses the number of carriers and number of
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C DEP (m)
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[ Graphically Place Source ]
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Inside of QUIC-PLUME the final location of each submunition are distributed using the
error probable values. The figure below shows the actual initial particle positions
produced using the submunitions source geometry shown above. Note the spotty nature

of this source type.

QUIC-Plume Particles - Time: 0.000
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Basic Agent Properties

Click on

e

——Source Properties

Material properties
button has pressed

in the Source Setup Window to expand the window to show the CB
agent’s material properties.

Launch Toxicity
Data Editor

ent Properties

10 Ig V‘ \Total Mass V‘
(- )+

Source Geometry ’Spherical Shell V‘

Ym) 13522 Radius (m

Z(m) 101

[ Graphically Place Source ]

Plot Streamlines D Plot Buildings i [ i [
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Launch Inhalation
Agent .
A | e “ -r e 3 &| ¢ Data Editor
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souce e T - o w e
\
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Multi-Source [] Plat All Sources Surface Deposition N Specify
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Particle Size

For the basic source type a single particle size can be specified. A value of "0" indicates
a vapor. Multiple particle sizes can be specified for some source types. For these source
types the process for defining the particle size distribution is detailed in "Distributed
Particle Size" source type section.

Surface Deposition

Surface deposition can be specified in one of two ways: a user specified constant
deposition velocity or internally calculated based on particle size dependent settling
velocity. It is recommended that a constant deposition velocity be used for vapors while
internal calculation be used for sources with a particle size.

Airborne Agent Decay

Airborne agent decay can either be a user specified constant decay rate or an internally
calculated decay rate based on the UV insolation. The user specifies the minimum (with
no insolation) and maximum (mid day insolation) decay rates for the agent, the surface
albedo, average elevation of the domain, surface pressure, day of the year, and the
number and types of clouds as well as the amount of coverage for each layer.

Airborne Agent Decay
Internally Calculsted Decay Rate v
Maximum Rate | 1 ' %Smin
Minimum Rate | 04 | %imin
Surface Albedo | 0.2 ‘
Average Elevation ‘ 0 k m
Surface Pressure | 1 atm
Start Date January v l1 v
Cloud Type Coverage (%)
pope ¥
v
Add Cloud Level
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The following cloud types are available and they are arranged in order of the altitude at
which they are typically found. ,
Cumulus ‘1\1

Fog

Stratus

1 Stratocumulus
Cumulonimbus
Altostratus

1 Atocumulus
Cirrus
Cirrostratus

Up to 9 cloud layers can be defined and cloud types can be duplicated (e.g., two layers of

stratus and 3 layers of cumulus, etc.). The cloud layers act to attenuate the insolation at
the surface.

Toxicity Data Editor

Click on _I to launch the toxicity data editor.

E ’Airborne Dosage V‘

Discrete Thresholds

Label %  Dosage(ys/m*3)
1.00e+001
lets0 50 1.00e+000
ict50 50 1.00e-001
ict0s 5  1.00e-003 v
Label Ictan ]
Fraction 90 %
Dosage 10 gs/m*3
[ Add Level ][ Remove Level ]
Create Probit Response Curve
—— Continuous Probit Response Curves——
Label %  Dosage(gs/m*3) Slope
LCT 50 1.00e+000 1.28516 [PN
ICT 50 1.00e-003 0.8224
v
Label Lt |
Fraction 50 %
Dosage 1 gs/m"3
Probit Slope 1.2816
[ Add Curve ][ Remove Curve ]

[ Plot Response Curve
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In the toxicity data editor both discrete thresholds and continuous probit slope dose
response curves can be defined for airborne dosage, airborne toxic load
(=(gm™)"s, where n is the toxic load exponent), airborne internal dose (defaults to grams
but the user can specify custom units such as spores for some biological agents), and
deposition flux (). Most toxicity data can be entered after QUIC-PLUME has been run as
a post processing step. The notable exception to this is the toxic load exponent which
must be specified before running QUIC-PLUME and will require QUIC-PLUME to be
rerun if it is modified. This is due to the non-linear nature of the toxic load equation.

Airborne Dosage > N

Airborne Dosage
Airborne Toxic Load
|Airborne Internal Dose
Deposition Flux

A probit slope dose response curve can be created automatically from two discrete
thresholds. Simply hold the <control> or <command> key (depending on platform) to
select multiple discrete thresholds from the list as is seen below:

—— Discrete Thresholds
Label %  Dosage(gs/m*3)

90 1.00e+001
50 1.00e+000
50 1.00e-001

5  1.00e-003 |
Label | |
Fraction |:| %
Dosage |:’ gs/m"3

[ Create Probit Response Curve ]

This will cause the [ Create Probit Response Curve ] button to become active.

Press this button to automatically create a new probit response curve which will be added
to the list of continuous probit response curves for the selected exposure type.

Plot Response Curve button produces the following

Pressing the
plot.
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3

effect. QUIC uses dosage units of gsm™.

body to some extent so exposures to low concentrations over a long period of time are not
as toxic as exposures to high concentrations over short periods of time. This means that

Toxic load is similar to dosage, but there is an exponent power on concentration. This is
the units of toxic load are somewhat unusual, i.e., (gm™)"s.

to take into account that for some agents (typically chemicals) can be metabolized by the

Airborne Toxic Load



T=[Cdt
When toxic load is selected in the exposure type popup menu, the toxic load exponent
edit box appears. The default value for the toxic load exponent is "1". This makes toxic

load equivalent to dosage. A value that does not equal "1" informs QUIC-PLUME that it
needs to produce the toxic load arrays, which are not written out by default.

1= | Airborne Toxic Load v

Toxic Load Exponent 1

Airborne Internal Dose

Airborne internal dose is used with the inhalation model. It takes calculates the actual
amount of agent deposited in the various regions of the respiratory tract and uses several
parameters about the type of breathing (oronasal or nasal), breathing rate, and the
deposition efficiency in the various regions of the respiratory tract. The default units are
simply a mass in grams deposited, however, the user can specify custom units (e.g.,
spores for some biological agents) with a conversion factor between grams and the
custom units. When internal dose is selected the conversion factor and custom units edit

boxes appear.
B \ Airborne Internal Dose v

Conversion Factor 1 Units g

grams*Factor = user specified units

Surface Deposition Flux

Some agents are not only toxic in their airborne forms but also through cutaneous
(contact with skin) exposure. For these agents the surface deposition flux toxicity data is
also of interest. Surface deposition flux has the units of gm™.
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Aerosol Inhalation Parameters

Most of the aerosol inhalation parameters can be modified as a post processing step.
While the particle size distribution can be defined by continuous log-normal distributions
the inhalation model itself uses discrete bins. The particle size bins used to calculate the
size dependent dosage which is in turn used to calculate the internal dose. These
calculations are performed inside of QUIC-PLUME and must therefore be defined before
QUIC-PLUME is run. The internal dose that an individual receives is dependent on the
breathing rate and the mode of breathing that the individual uses: mouth or augmentor.
The percentages of the two breather types is used in population exposure calculations.
The data used in the inhalation model were taken from McClellan et al. 2007. Mouth
breathers always use both their nose and mouth to breath but the ratio is dependent on
breathing rate. Augmentors only breathe through their nose up to a breathing rate of 35
L/min, after which they use both the nose and mouth with a ratio that is breathing rate
dependent (see plot on upper right of the figure below). The middle plot shows the
inhalability of aerosols as a function of particle diameter. The lower plot is the
deposition efficiency as a function of particle diameter for the region of the respiratory
tract selected in the popup menu on the left. The blue line in the bottom plot represents
the continuous deposition data from McClellan et al. 2007. QUIC-PLUME tracks size
dependent airborne dosage in discrete bins. In practice, all of the particles in a bin are
treated as if they had the mean diameter of the bin, which is represented by the red and
black vertical lines in the bottom plot. The currently selected bin is highlighted in red.
This plot is intended to indicate how well the user-defined bins represent the continuous
curve over the range in particle diameters of interest.
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) Aerosol Inhalation Parameters*® Q’EI@

- c 1 T T T L
B | CiDocuments and Settingsi1 S?EE\ £ . ' Fugmentor
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e h : Mouth
Breathing Rate (L/min) £ o6 \
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==
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% Nose Breathers u ; 2 o &0 30 100

Breathing Rate (Limin)

Extra-thoracic (Head) V‘ 1 T TTTTTIT
Aerodynamic Diameter Deposition g '

'Range {micron) Fraction I

0-1 0.0536 A~ £

1 -5 0.5754 2

5 — 10 0.7194 £

v

Auto Generate Bin Deposition Fractions
Upper Limit (microns)
Deposition Fraction |:|

-3 2 -1 0 1 2
[ Add Bin ” Remove Bin ] 10 10 10 10 10 10
Ferodynamic Diameter (micron)

| Add Bi . . . .- .
Press o to add another particle size bin. The deposition fraction of

the bin can either be determined automatically from the continuous data by selecting the
auto generation check box. If the check box is not selected then the deposition fraction
edit box is enabled.

Deposition Fraction

Agent Library

One can define the following agent properties: decay rate, mass median diameter,
deposition velocity, toxic load exponent, discrete thresholds and continuous probit slopes
for airborne dosage, airborne toxic load, inhaled internal dose, and surface deposition
flux. Default values appear based on the agent type selected in the Agent Type pull-down
menu to the left. These values are found in a text file called default materials.lib found
in the material library subdirectory. The public release version contains a library file
with generic agents (ideal gas, 5 micron particles, etc.) that have artificial material
property values. An unclassified official use only agent library is provided upon request
to government and other qualified users.

New agents can be added to the library. Simply append the new agent’s material
properties to the end of the default materials.lib file in the material library subdirectory.
The format for the material agent entries is comma delimited in the following order:

1. Material name

2. Decay rate (%/min)

3. Mean particle diameter (micron)
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10.
11.

12.
13.

14.

15.
16.
17.

18.
19.

20.
21.

Deposition velocity (cm/s)[a value of -99 indicates internally calculated
deposition velocity and a value of 0 indicates no deposition]
Number of airborne dosage probit slope response curves
The airborne dosage probit slope data (if any):
a. first probit label string, population percentage, dosage (g*s/m”3), and

slope

b. second probit label string , population percentage, dosage (g*s/m”3), and
slope

c. etc.

Number of discrete airborne dosage thresholds
The airborne dosage discrete threshold data (if any):
a. first discrete threshold level value (g*s/m”3) and label string
b. first discrete threshold level value (g*s/m”3) and label string
c. etc.
Toxic load exponent (n)
Number of airborne toxic load probit slope response curves
The airborne toxic load probit slope data (if any):
a. first probit label string, population percentage, toxic load (s*[g/m”3]"n),
and slope
b. second probit label string , population percentage, toxic load
(s*[g/m”"3]*n), and slope
c. etc.
Number of discrete airborne toxic load thresholds
The airborne toxic load discrete threshold data (if any):
a. first discrete threshold level value (s*[g/m”3]”n) and label string
b. first discrete threshold level value (s*[g/m”3]"n) and label string
c. etc.
Internal dose conversion factor [conversion from grams to the user specified
units|
Internal dose units label
Number of airborne inhaled internal dose probit slope response curves
The airborne inhaled internal dose probit slope data (if any):
a. first probit label string, population percentage, internal dose (user
specified units or grams[default]), and slope
b. second probit label string , population percentage, internal dose (user
specified units or grams[default]), and slope
c. etc.
Number of discrete airborne inhaled internal dose thresholds
The airborne inhaled internal dose discrete threshold data (if any):
a. first discrete threshold level value (user specified units or grams|[default])
and label string
b. first discrete threshold level value (user specified units or grams[default])
and label string
c. etc.
Number of surface deposition flux probit slope response curves
The surface deposition flux probit slope data (if any):
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a. first probit label string, population percentage, surface deposition flux
(g/m”"2), and slope
b. second probit label string , population percentage, surface deposition flux
(g/m”"2), and slope
c. etc.
22. Number of discrete surface deposition flux thresholds
23. The surface deposition flux discrete threshold data (if any):
a. first discrete threshold level value (g/m”2) and label string
b. first discrete threshold level value (g/m”"2) and label string
24. etc.

Ideal Gas,0.,0.,0.,2,LCT,50,1,1.2816,ICT,50,1e-3,0.8224,4,10,90,1ct90,1.0,50,1ct50,
1.0e-01,50,1ct50,1.0e-03,5,ict05,1.0,0,0,1.0,2,0,0,0,0,

After making any changes in the Source Parameter Set-up Window, you will need to

B

click on J to save current parameters and close the Source Placement Window.
Note that this save the modified values in the project but not the actual library, which can
only be changed by manually editing the materials.lib text file.

Another agent library can be used instead of the default materials.lib file by pressing the

!
J button and navigating to the desired materials.lib file. This button is found to the
right of the agent selector popup menu.

Agent
Ideal Gas Ve ! | | 3 |
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QUIC-PLUME Simulation Parameters

e \L\
. . . . %, | .
e To open Simulation Parameters click on the axis/clock icon.
Drag and drop 3D Visualization of Infiltration Launches
collecting box Collecting Box Parameters QUIC-PLUME
Auto Update Plots / PhySICS Optlons
Nested Grid
> A K
= P advanced Options
—3 &
— Concentration Grid Parameters— Simulation Parameters
Collecting Box Collecting Box # of Particles ‘ 2000 k ?
Lowver Limits Upper Limits i i
X 0 m X 30 m Time Step (s) | 02
i Duration (s) 20
Y 0 m Y 30 m i
» ‘ Particle Output (s) 25
z 0 m Z 20 m |
J Conc Avg Time (s) 25
Collecting Box Collecting Box Conc Avg Start (5) ' 0
Cells Resolution .
e 15 cells 5> | micel I M-O Length (1/m) | 0
o 15 | cells | 7 | micel BL Height (m) | 2000
: . : . Wall Zo (m) 01
Z 20 cells 1 micell -

The set-up of the concentration domain is done on the left, while several QUIC-
PLUME random-walk, averaging time, output frequency, and turbulence model
parameters are specified on the right. Advanced options (such as particle
splitting, etc.) are defined in the QUIC-PLUME Physics Options GUI which is
launched by the ‘Advanced Options’ button in the upper-right-hand corner.

The 3D extent of the concentration grid can be set through the “Collecting Box
Lower and Upper Limits”. By default, the horizontal extent of the domain is the
QUIC-URB modeling domain.

Specification of the number of grid cells through the “Collecting Box
Dimensions” text boxes controls the grid size. The grid cell can be any size and
does not need to be equivalent to the grid cell size of the QUIC-URB domain.

There is a tradeoff in changing the number of particles in the random-walk

simulation: more particles results in a computed concentration with less
uncertainty, but fewer particles results in a faster simulation. The higher
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uncertainty produced by fewer particles may be compensated for by larger
collecting box grid cells or longer averaging times. Note that whenever
applicable, typically for finite duration and continuous releases, the QUIC-GUI
will automatically round-off the number of particles that is entered to satisfy the
constraint that an integer number of particles must be released at each time step.

Pressing the number of particles help button ll will launch the number of

particles calculator.
-) # of Particles Q’E}@

Target Dosage 1e-006 gsin”3

Total Source Mass 10 9
Time Step 02 s

dx 2 m

dy 2 m

dz 1 m

At least 500,000 particles.

This calculates the maximum number of particles required to allow QUIC-
PLUME to resolve airborne dosages down to a target dosage level. The
calculation is simply:
e MAt
Ddxdydz

Where 7 is the number of particles, M is total mass released, At is the time step, D
is the target dosage, and dx, dy, and dz are the size of concentration collecting
boxes in the x, y, and z directions. This calculation assumes that there is no
particle splitting, agent decay, or surface deposition which will all act to reduce
the number of particles required to resolve the plume down to the target dosage
level.

The simulation time step controls the size of the time step used by the random
walk model. A larger time step allows the simulation to proceed more quickly,
but the time step must be smaller than the Lagrangian time scale to give accurate
answers. The code will internally compute time step constraints and change the
time step when necessary. However, choosing an “unreasonable” time step, either
way too large or way too small, will lead to problems. For outdoor, real-scale
building-resolved problems a time step of a few seconds is reasonable. For wind
tunnel scale problems, a tenth of a second time step may be required. Note: a
simple approximation for the Lagrangian time scale over a flat surface is kz/u=,
where k 1s the von Karman constant, z is height above ground, and u= is the
friction velocity. Erring on the side of larger time steps is recommended due to
the internal checks and automatic time step reduction algorithm.
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The “duration of the simulation” controls how long the dispersion calculation will
proceed. If a finite duration release has been selected, the simulation duration
must be at least as long as the release duration.

The particle output frequency determines how often particle location data is
written out to a text file (which is then used in the VIS-GUI to visually illustrate
the dispersal of the agent). This parameter does not affect the physics of the
random-walk model, it only affects how often particle positions are written out to
a file for visualization purposes. When running simulations with large numbers
of particles, it is strongly recommended to set this to a large number in order to
save disk space (and speed up the simulation). When making animations of
particle transport and dispersion, it is recommended that a small number of
particles (e.g., 500 to 2000) be used along with a small number for the output
frequency (e.g., every time step).

The QUIC-PLUME code produces time-averaged concentrations in a 3D volume
defined by the concentration collecting box. The “Concentration Field Averaging
Time” specifies the time interval over which particles are counted in the
collecting grid boxes.

The “Concentration Average Start Time” specifies when the concentration
averaging will begin. This is effectively a skip time at the beginning of the
particle simulation over which the concentration is not computed. By default it is
set to 0. This option is in general only used when trying to compare plume
parameters (e.g., concentration) with values from controlled experiments typically
taken from a continuous sources under steady-state conditions.

The "Inv M-O Length" is the inverse Monin-Obukhov length scale. This is a
measure of atmospheric thermal stability from Monin-Obukhov boundary layer
similarity theory. A value of zero (the default value) is indicative of neutral
thermal stability where the turbulence is purely mechanically generated. Positive
values indicate thermally stable conditions, typically associated with nighttime,
where colder and therefore denser air is closer to the ground. Thermally stable
conditions dampen the turbulence in the vertical direction because buoyant forces
resist vertical motions. Negative values indicate thermally unstable conditions,
typically associated with daytime, when the sun heats the ground causing the air
near the ground to be warmer and therefore less dense than the air above it.
Thermally unstable conditions enhance the vertical turbulence because the
buoyant forces act to move the warm air near the ground up and the colder air
above down. In reality strong thermal stability can not only enhance the vertical
turbulence but actually affect the mean flow generating thermal convective cells
where regions of positive and negative mean vertical velocities will exist in the
flow field. This is a complicated process that cannot be simulated by QUIC.
Inputting a strong negative value for inverse Monin-Obukhov length will only
further enhance the turbulence. The figure below is taken from Golder 1972 and
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estimates the inverse MO length as a function of surface roughness (z,) and
Pasquill stability class

=12 -~ 08 ~.04 0
I/t {m™)

Figure depicts dependence of Pasquill's stability class on surface roughness and inverse
Monin-Obukhov length. From Golder, 1972.

The "BL Height" is the height of the atmospheric boundary layer, i.e., the region
of the atmosphere where most directly affected by the surface of the earth.
Turbulence in the atmospheric boundary layer tends to diminish with height
above the surface. The height of the boundary layer can range from tens of
meters under strongly thermally stable conditions to thousands of meters in
strongly thermally unstable conditions. Often for small scale problems this effect
is not particularly important so the default value of 2,000 meters will not have
much of an effect on the turbulence.

The "Wall Zo" is the aerodynamic roughness length associated with surface of the
buildings and ground. The user should be aware that this is not the same thing as
the roughness length used in defining the input velocity profile which is intended
to capture the bulk effect of the large scale roughness elements (e.g., trees,
buildings, cars, etc.) on the area-averaged velocity profile. In this case the wall
roughness length is intended for use in interpolations in the velocity field as
particles get very close to individual surfaces, and can therefore be expected to
have a much smaller value.
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View Current Collecting Box

The ‘View Current Collecting Box’ .option helps the user visualize the concentration
domain of QUIC-PLUME. This is shown below.
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Edit Collecting Box
The ‘Edit Collecting Box’ provides the user the option of editing the bounds of the

concentration domain. To do this, click on the ‘Edit Collecting Box’ button == and with
the cursor, change the limits of the domain. This is shown below.

) Inner and outer grids !EE

ISsesaanzd|ce 209 9D |%Q

1000 .

[ [ [ FOHCET O [ T
8[[ g 3 3
B0

]
400 ..
2 Editing the
> D :
omain

2{[ y y y y

| 20f go | 1600
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Building Infiltration

A
Pressing the ‘Building Infiltration Parameters’ button J opens up a window where the
building infiltration parameters can be set. Warning: this is a beta feature and has not
been fully tested.
By default, the calculation of building infiltration is turned off in QUIC. In this window,
you can turn it on by checking the “Calculate Building Infiltration” checkbox.

To select all the buildings in the domain, press the ﬁ button.

[
."%.,

To select a particular building or a portion of a complex building, press the button.

One can then drag out a region with the mouse and select a group of buildings.

) Building Infiltration Parameters 2.0 Q}i[@
3
ol size - | Building HVAC and
'5 v| s Interior Parameters
Calculate IndoorTemperature
U infittration 25 - K
Global Met 24 Supply Exchange Rate
Parameters 1ihr
Outdoor
Temperature 2 [[] Use Economizer
: 280 | K o Fresh Air Intakg Rate
Barometric 1/hr
[ |
ressure 15 Filtration Type
1 atm
1 Residential v
}9 ﬁ') Area to Volume Ratio
4 1fm

1 ’. [ View Infitration Parameters

1= =0
10
Select Building
|Whole M g
Building
Mumber H
By
2 4
3
4
M 2
5 I~
N &= o 2o = = —= = = K Kk K K KW
0O N R ®m O ® O N OB O © O
v Building Type |custom v|
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J Building Infiltration Parameters 2.0

12

3
Ul size | Building HVAC and
S W 78 Interior Parameters
Calculate Indoor Temperature
U infittration 25 293 K
Global Met 24
Parameters
Qutdoor
Temperature 2
280 K 20
Barometric
Pressure 14
1 atm
1§
22| |

View Infitration Parameters

1= =0
10
Select Building
Whole W &
Building
Number =
1 -~ 3
4 ‘
3
4
s 2
& I~
N = o) = = — = = NS [ R
o 9N e o o o N B 6 @ O
v Building Type House-Typical W

Once a building or group of buildings is selected, then the building type popup menu at
the bottom of the GUI and HVAC and infiltration parameters on the right-hand side of
the GUI are populated with the values for the selected building(s). The infiltration

[ View Infittration Parameters ]

parameters only become visible if the toggle is selected.
One can change the parameters for the selected buildings to the default values from the
building infiltration library with the building type popup menu at the bottom of the GUI.
If "custom" is selected then the HVAC and infiltration parameters are enabled so that the
user can modify the values. Below is a list of the HVAC and infiltration parameters as
well as a brief description of each parameter.
e (Current Meteorological Parameters:
o Outdoor temperature - average outdoor temperature throughout the
domain during the simulation.
o Barometric Pressure - average barometric pressure throughout the domain
during the simulation.
e HVAC parameters
o Supply Exchange Rate - the rate at which air travels through the HVAC
system and it is the sum of the recirculated air exchange rate and the fresh
air intake rate.
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Use Economizer - HVAC systems with economizers will automatically
modify the amount of fresh air intake rate dependent on the outdoor
temperature.  Outdoor temperatures closer to the standard room
temperature will cause the system to have a higher fresh air intake rate.
Fresh Air Intake Rate - the rate at which the HVAC system brings fresh air
from the outside into the building.
Filtration Type - the class of filtration used for cleaning the aerosol
particles out of the air in the building
= Residential - weakest filtration which filters out primarily only the
largest particles. Approximate MERYV rating of 4.
= Commercial - moderate filtration typically found in standard
commercial HVAC systems. Approximate MERYV rating of 8.
» Electret - strong filtration typically used in commercial systems
where better filtration is required. Approximate MERV rating of
12.
= HEPA - high-efficiency particulate air filters offer the best
protection against aerosol particles. They are typically found in
hospitals and clean rooms. Approximate MERYV rating of 16.

Area to Volume Ratio - the ratio of indoor surface area to indoor volume.
This includes walls, floors, ceilings, and furniture surfaces. This is used to
determine the amount of surface deposition within the building. Note that
this does not account for surface orientation so all surfaces indoors will be
deposited on evenly.

e Natural Infiltration Parameters - these parameters account for the leakiness of
buildings, typically through windows and doors. The parameters are measured at
a reference condition and then are modified based on the actual conditions.

o

Indoor Temperature (actual) - The actual indoor temperature at the time
of the simulation. Differences in indoor and outdoor temperatures tend to
enhance natural infiltration.

Infiltration Exchange Rate - the rate at which the building leaks at the
reference conditions.

Indoor Temperature (reference) - indoor temperature when the reference
infiltration exchange rate was measured.

Outdoor Temperature (reference) - outdoor temperature when the
reference infiltration exchange rate was measured.

Atmospheric Pressure (reference) - atmospheric pressure when the
reference infiltration exchange rate was measured.

Wind Speed (reference) - wind speed when the reference infiltration
exchange rate was measured.

The temperature, barometric pressure, and the desired indoor temperature are the current
values, the values for the current simulation. QUIC will take these values, along with the
wind speed computed by QUIC-URB, and then modify the air exchange rate based on the
differences between the reference values and the current values.

146



s

Click on 4I to save current parameters before closing window. This brings the user
back to the main QUIC-PLUME Simulation Parameters Window and sends the modified
infiltration parameters both to the main QUIC-GUI and the QUIC-PLUME Simulation

Parameters Window.
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QUIC-PLUME Physics Options

Several parameters used by the QUIC-PLUME dispersion model can be changed through
the Physics Options pop-up window. On the main QUIC-GUI window select <Options>
<QUIC-PLUME Physics>.

J QUIC 5.6# test

File Tools Nl ~
QUIC-Urb Physics 0
-~ Y
2 8|  QUIC-Plume Physics k IICURE r \X) QUICPLUME| Vis GUI | Data | Pressure| Population
‘Write ASCII data files
Lot UIC-URB Output Fil »
- utput Files =
| fi ( Q put Fi 3 E] Run Both v Grid(s)
- QUIC-PLUME Qutput Files »
Hide Project Summary \RY Modified: 16-Dec-2009
Creatc Model Selection Notes |None ‘
Inlet Profile: Logarithmic Wind angle: 0 # of Bldgs: B
Roof Top: Yortex Velocity ref: 3 Scale: 111

This launches the QUIC-PLUME Physics options GUI as shown below:

) QUIC-PLUME Physics Options =]EX]
Hested Grid
B F Inner Grid Outer Grid

Random Number Seed

[JEnable Taylor Microscale Sub-Time Step Limit

Distribute the number of particles by

— Particle Splitting (Beta)

[] Enable particle splitting

Total Particle Number Increase Factor
Particle Split Factor

Target dose for particle splitting
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Random Number Seed

This changes the random numbers generated by the RAN2 random number generator
used to drive the stochastic portion of the random walk model. The random number
generation algorithm will always produce identical results for a problem run with the
same random number seed. Changing the seed allows the user to change the random
numbers that are generated and thus changing the final results (usually only slightly).
The changes will be most notable in the tails of the plume which have, by the stochastic
nature of the random walk model, the most statistical noise.

Taylor Microscale (Beta)

QUIC-PLUME determines the Lagrangian time scale for each particle and splits the time
step into sub-time steps that are at most half of the Lagrangian time scale. The
Lagrangian time scale approaches zero as the particle approaches a surface. The Taylor
microscale option puts a lower limit on the size of the sub-time steps. This option is
experimental and is turned off by default.

Number of Particles Distribution Method

By default QUIC-PLUME distributes the particles by mass, i.e., the number of particles
released by a source in a multiple source problem will be proportional to the amount of
mass released by that source. The other option is to distribute the number of particles
evenly amongst all of the sources.

149



Particle Splitting (Beta)

If particle splitting is enabled the particles are split when they enter an empty
concentration collecting box. Four parameters are needed when using the particle
splitting option:

1. Particle Recycling - This allows the memory used by particles that have left the
domain to be used again to split more particles. This is particularly useful for
continuous releases with particle splitting.

2. Total particle increase factor - this factor is the multiple of the total number of
particles indicated in QUIC-PLUME Simulation Parameters GUI to determine the
total number of particles allowed in a simulation. Particles will be allowed to
split until the total number of particles reaches this number times the original
number of particles in the simulation.

3. Particle split factor - this determines the number of particles a particle will split
into when it meets the conditions of splitting.

4. Target dosage - this determines the threshold for particle splitting. Particles will
not be split beyond the amount that they can produce this dosage.

— Particle Splitting (Beta)
Enable particle splitting
E] Enable particle recycling

1 Total Particle Number Increase Factor
2 v Particle Split Factor
1e-006 Target dose for particle splitting
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Running QUIC-PLUME

Once the QUIC-PLUME source and simulation parameters have been defined and saved,
the QUIC-PLUME code can be run (if the parameters are not specified, the QUIC-
PLUME button will be deactivated).

QUICPLUME

e Select the “QUICPLUME” icon.

The light bulb indicates that QUIC-PLUME is running and the wind fields are being

QUIC_QLUME

computed.

When the light bulb disappears, the model simulation is finished. The output of particle
and concentration fields can then be visualized with the Vis-GUI (see next section).
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VIS GUI
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QUIC Visualization GUI

e The Vis GUI first becomes activated once QUIC-URB has been run.

Vis GUI
e Press aopen up the QUIC Visualization GUI as shown below.

J QUIC5.6 test

File Tools Options ~

N
, - A
7|6 B‘ J"@ QUICURE F‘ Y\;) QUICPLUME | Vis GUI| Data | Pressure| Population
Summary

g | | Project g v/[-]| RunBoth v Grids)

e The Visualization GUI opens and it defaults to the wind vector plot selection
shown below.

e The QUIC-URB wind field output can be visualized as wind vectors, contours,
streamlines, pathlines, and velocity profiles.

e The QUIC-PLUME model output can be visualized as particle positions, contours

of airborne quantities, airborne quantity isosurfaces, surface deposition contours,
or airborne concentration profiles.
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Manually enter
values to view
vectors, streamlines
etc along a particular
plane

) quic vis... [=][0X]

Wind

| Yectors

Contours

Streamlines

l
I
[ Pathlines
[ Yelocity Profile

Plume
[ Particles ]
[ Contours ]

[ 3D Plume ]

| oPPoie |
@ Inner Grid
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visualization options

QUIC-PLUME
output visualization
options

Output from Inner
and Outer Grids

Time

i

— X Value of YZ Plane—
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| Plot || Hold || Clear |
[v] Auto Update Plots
01
| Close AllPlots |
[ QUIC Movie ]
[ Plot Options ]

Position and Time
Advance and Retreat
Buttons
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VIS-GUI provides the user a host of
options to better view the results. For
enhanced effects, press the ‘Plot Options’
button

[ Plot Options ]

at the bottom of the VIS GUI window

| Plot || Hotd | Clear
[v] Auto Update Plots
passe; 0.1 || Stop
Close All Plots
| QuIC Movie
Plot Options

This launches a window with the various
plot options as shown to the right. The
plot options visible will change depending
on which plot type is selected. The
options shown are for vector plots. Some
of the controls shown are common to
several different plot types. This section
will start with a description of the general
plot controls and will later focus on the
plot-type specific controls.

EoX

J QUIC Visualization test

Wind Show Legend
| Vectors [] Show Buildings
[ Contours ] [] Show Vegetation
[ Streamlines l
Figure Toolbar
’ Pathlines

’ Scale:
spacing_"_|

“elocity Profile

Plume . .
[ Particles ] Line Wldth:
[ Contours ] Sample Vector
©
[ 30 Plume et
B GERT ® Arrows
— O Cones
[ oPPofle | oo -
® Inner Grid St [
Time

B

— X Value of YZ Plane—
0.5 0.5 295

(=< )< J[ = (==

— ¥ Walue of XZ Plane—
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(<< < J[ = J(>=])

— Z Yalue of XY Plane—
0 23

-
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| Plot || Hold || Clear |
Auto Update Plots

Cyel Plot Dense Gas Slahb

[ Close Al Plats ]DSh°WT°p°|ogy
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|[ Buildings/Ground l
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Show Legend

Selecting the ‘Show Legend’ Show Legend option places a legend on the
vector plot. This also controls if a color bar is shown on the right hand side of the figure.

Vector Plot with
legend

Vector Slice at 2= 1.5 Scale = 15000%

Vector Plot
without legend

A 4

156



Show Buildings

Selecting the ‘Show Buildings’ [ ShowBuildings option displays the buildings in the

vector plot. Deselecting it places wire frames instead of buildings. This is shown below

“ector Slice at z= 1.5 Scale = 15000%

L%
~

The figure above shows wire frames instead of buildings. This occurs when the ‘Show
Buildings’ option is deselected.
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Figure Toolbar

. . Fi Toolh . . .
Selecting the ‘Figure Toolbar’ (R RS option displays figure toolbar in the

vector plot MATLAB window. Deselecting it does not place it in the MATLAB window.
This is shown below.

) Vector Diagram, Z-Slice !Eu
File Edit View Insert Tools Window Help S .
T - ——»| Selecting the
[N¥%au %22/ ¢tlev9 0D L0 Fiouro %’"oolbar’
IDesda "A A/ 2poD g
option
Vector Slice at z=1.5 Scale = 15000%
~
) Vector Diagram, Z-Slice !En Deselectlng the
— »| ‘Figure Toolbar’
option

Vector Slice at z= 1.5 Scale = 15000%
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Time and Position Controls

Time and position can be selected by either entering the desired value in the time and
position edit boxes or by using the advance and retreat buttons.

(=)< J[ = (==

The single arrow buttons advance/retreat by a single increment. The double arrow
buttons cycle through all possible values from the current time/location to the maximum
or minimum value, depending on directionality of the button. The length of time (in
seconds) that the GUI pauses in between cycles is set in the ‘Cycle Pause’ edit box.

ol o

The ‘Stop’ button causes the plots to stop cycling.

Close All Plots

Since each different plot type is generally placed within its own figure window, it is easy
to produce several figures in the process of visualizing QUIC data. The ‘Close All Plots’

button Clesa il will close all of the figure windows produced by the

Visualization GUI. This function is also executed when the Visualization GUI is closed.

Saving Animations

The ‘QUIC Movie’ button Lo launches the QUIC Movie GUI which

produces animations from the plots produced by the Visualization GUI. The details
regarding the procedures of movie creation will be discussed later in the QUIC Movie
GUI section.
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Hold Plot

Multiple plots can be placed on a single figure using the ‘Hold’ button ol . After

producing a plot pressing the ‘Hold’ button will hold the current plot and cause future
plots to plot to the held figure. Multiple plots can be held on a single figure. Below is an
example of the combination of velocity magnitude and streamline plot produced using the
hold plot button.

Streamlines at z=1.5

Pressing the ‘Clear’ button el will delete the held figure and will cause the GUI to

plot different plot types in different figures.
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Buildings / Ground

The Buildings / Ground button Buildings/Ground found at the bottom of the VIS

GUI window is the same as the one in the City Builder Window. It enables the user
change the color of the buildings and the ground; add transparency to both these entities
and a host of other options. For these options, please refer the City Builder section.

N

options
City Builder Options
Building Options Ground Options
Coloclep [ Transparent
O Single Color Show Background Map
IEI O [] show Topo Cortours
B Showv Topo Labels
Transparent
? Topo Levels
Numbered
el 3D Axes Options
v
Reshape symbols Show Axes Labels
Building Auto Grouping Update Speed:
[ Restore Defaults ] [ Apply ] [ OK ] [ Cancel ]
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QUIC-URB VISUALIZATIONS

Vectors

To view the vector field along a particular plane, hit the ‘Vectors’ button and enter the
value of the x-y, x-z, or y-z plane or use the ‘Position or Time Selection’ buttons
until the vector field along the desired plane can be seen. This is shown below.

Manually Enter
Values of the
desired plane

Wind

Yectors

Contours

Streamlines

Pathlines

Yelocity Profile

Time

— X Value of YZ Plane—
0.5 0.5 295

GG

0.5 0.5 295
(=< <= ==
— Z Yalue of XY Plane—

<

GG

— Y Value of XZ Plane—=———»

View the vector field
along various planes
with automatic traverse

0 0 23] >

Position Selection
Button
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Vector Slice at z= 1.5 Scale = 15000%

Several plot options apply

Scale, Vector Spacing and Line Width

Scale:v 1
“Yector : 1
Spacing:|

Line Width:| 1

Vector spacing determines the number of grid cells between vector arrows, i.e., a vector
spacing of 2 means that 1 arrow is placed every 2 grid cells.

The scale value is multiplied by the vector magnitude to magnify smaller vectors, note
that 0 = 1 = no scaling

Line width increases or decreases the line width of the vectors in the vector plot. The

figures below show the difference between vector plots with Line Width = 1 versus Line
Width = 3.
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e

Vector Plot with Line Width = 1

Wector Slice at z= 1.5 Scale = 15000%

A

A ”
B g

"
e e
L
o /’

s

Vector Plot with Line Width =3
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Sample Vector

Selecting the ‘Sample Vector’ option places a sample vector field on any of the four
corners of the vector plot. Deselecting the ‘Sample Vector’ option does not place a
sample vector field. The user can choose to place the sample vector field on any of the
four corners, i.e. North-East, North-West, South-East or South-West. This is illustrated in
the figures below.

[v] Sample Vector

Nyy  « Corner

Sample Vector

Ny Corner
®
o NE

SE

SW

- Vector Field with ‘Sample
o . _V Vector Field’ in the NW corner
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Arrows

Selecting the ‘Arrows’ option places arrows as vector heads. This is shown below.

&) Arrows

Selecting the ‘Arrows’ option places arrows as vector heads. This is shown below.

Cones

() Cones

The only option for coloring vector arrows is 'Single Color' cones can have a uniform
color or be colored by various local quantities. Selecting the ‘Single Color’ option plots
the vector field without any contour levels. That is to say that the color does not represent
the magnitude of the velocity. The user has the option of choosing the color of the vector

Single Color

field. To do so, click the color button . This launches the ‘Set Color’ window. Using
this, choose the color of the vectors in the vector plot. This is shown below.
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& Single Color

Set Color

OO00O0OEEENE
OO00CONEER

[ More Colors... ]

The figure above shows the vector plot with the green color vectors

Note: The ‘Single Color’ option can be used both the ‘Arrows’ and ‘Cones’ options

167



Color Map

The ‘Color Map’ option at present works only with the ‘Cones’ option. Selecting the
‘Color Map’ option plots the vector field with contour levels. That is to say that the color

of the vector field is representative of the magnitude of velocity. This is shown in the
figure below.

O single Color  [El

) Color Map
default v

“ary Color By:

magnitude v

[il2

Vector Slice at z= 1.5 Scale = 10000%

T
|
=
o

Welocity Magnitude (m/s)

0.4

0.2

The user has the option of picking colors for the color map. This can be done through the
pull down menu as shown below.
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B
default v
default

autumn

bone

colorcube

cool

copper

flag

gray

hot

hsv

jet

lines

pink

prism

spring

summer

winter

Coloring Cones by Various Quantities

The user has the option of viewing the vector field based in the magnitude of velocity or
based on the u, v, or w components of velocity. This can done using the pull down menu

as shown below.

Yary Color By:

magnitude k v
u component
¥ component

w component
plane normal
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Opacity

The opacity option can be used to add transparency to the vector field. By this it follows
that 0% opaque would make the vector field invisible. Opacity can be changed with the

slide bar as shown below.

Opacity = 100%

“ector Slice at z= 1.5 Scale = 10000%

Opacity = 100%
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=50%

Opacity

=0%

i

Opac
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Quality

Choosing ‘Quality’ determines the resolution of the graphics used to display the plot. The
‘Quality’ pull down menu gives the user three options; of choosing between High,
Medium and Low. Though choosing ‘high’ gives better graphical resolution, it is more
time intensive. Choosing ‘Low’ gives the user the plot faster but with lesser graphical
resolution. This is due to the computation being done on the fly. The differences in the
plots when each of these options is chosen are shown below.

Quality |med -

J Vector Diagram, Z-Slice
File Edit View Insert Tools Window Help

DEEES NA A/ 22 00 By bt
RO S TR -} @ v @

Choosing ‘Quality’ as ‘Low’
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) Vector, Diagram, Z-Slice

File Edit View Insert Tools Window Help
VAP =R B i P R )
= % @

) Vector, Diagram, Z-Slice
File Edit VYiew Insert Tools Window Help

DEEE XMA 2/ 22 00K LY
MM RN - - 4 ¥ @

Choosing ‘Quality’ as ‘High’
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Contours

The resultant vector field from QUIC URB can be visualized as contour plots by pressing
the contour button under QUIC-URB Visualizations

Wind

‘Yectors

Contours

Streamlines

Pathlines

Yelocity Profile

VIS-GUI provides the user the option of viewing the contours of all three components of
velocities and also the contours of quantities derived from the mean velocity field
(vorticity etc). This is depicted in the figure below.

Time

— X Walue of YZ Plane—

05 205

L= )<=
’U velocity vw

— Y Value of XZ Plane—

0.5 295

{U velocity v]

— Z Yalue of XY Plane—

0.5 235

Ce< e (2]

T

Y velocity
W velocity
Vel Mag.
X Worticity
Y Vorticity
Z Voticity
Yort Mag.
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Note: While vorticity is one of the default plot options it is not calculated by default.
This is because this can be computationally expensive, particularly for large domains.
Instead the vorticity is computed the first time that the user plots the vorticity field and is
saved in ‘vorticity.mat’ for later use. Thus it will likely take much longer to plot vorticity
the first time than it will in subsequent attempts. This plot option can also be used to plot
the turbulence fields (velocity standard deviations, TKE, friction velocity, dissipation
rate, and mixing length) if the ‘QP_turbfield’ output file option was selected before
running QUIC-PLUME.

To view the contour plot along a particular plane, enter the value of the x-y, x-z, or y-z

plane or use the ‘Position Selection’ button until the contour along the desired
plane can be seen. This is shown below.

Z Value of XY Plane—;
0.5 0.4 235

(=<l < J[ > J==])

UVelocity at Z= 1.5
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For enhanced effects, press the ‘Plot
Plot Options

Options’ button
and this brings up a host of options for
better visualizing contour plots. This is
shown in the figure to the right.

The first three options, i.e. ‘Show
Legend’, ‘Show Buildings’ and ‘Figure
toolbar’ are the same as the ones
described in the previous sections.

o0&

J QUIC Visualization test
Wind

Show Legend
Vectors ] [ Show Buildings
Contours [] Show Yegetation

]
Figure Toolbar

[
|
[ Streamlines
l
[

Pathlines
Velocity Profile O Isolines
Plume © Flat (20)
O Surface (3D)
[ Particles ]
Line Witk
[ Contours ] | | \:l
Resolution:| 1
| 30Pume |
. : Colorbar Limits
Jeposition
& Auto O Manual
| opPofle |
@ Inner Grid ‘ , | nax [
Time |wefault—v|

i

JHUEEET T Discrete Color Map
# Contour

— X Walue of YZ Plane—

05 295

(el JL = )22 Interpolation

IU velocity V‘ [rough "l
— Y Walue of XZ Plane— Lighting

05 295 | [orF v|

(<<= J[= (==

el e JL = =2

Opacity = 100%

IU velocity v‘ 1,7 [

Z¥alue of XY Plane—

0.5 235

‘U velocity v

Normalize#None v
| Plot || Hold || Clear |
Auto Update Plots

201

[ Close All Plats ] [ Show Topology

[ oucMoie | H{‘|:|

[ Plot Options ][ Buildings/Ground ]

Plot Dense Gas Slab
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Isolines

Selecting the ‘Isolines’ option draws isolines in the domain for the velocities or their
derived quantities. This is shown below.

@ Isolines

Isolines showing Vorticity Magnitude
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Flat (2D)

Selecting the Flat 2D option plots 2D solid contours of velocities or their derived
quantities. This is shown below.

® Flat (2D)

Worticity Magnitude at Z= 1.5 0.2

2D Contour Plot of Vorticity Magnitude
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Surface (3D)

Selecting the Surface 3D option produces a 3D surface plot of the contours as is shown
below.

(® Surface (3D)

J Velocity Magnitude, Z-Slice @@@

File Edit View Insert Tools Window Help
DEEEG NAA/ | PO DRy Ly
H ¥ i

L.+t = - . . .
& + o 1

B - - Ly
S, %, 7 & s M E

-

0=

Q

G

3D Contour Plot of Velocity Magnitude
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Discrete Color Map

‘Discrete Color Map’ gives the user the option of specifying the contours levels. To do
so, enter the number of contour bins that have particular value.

Discrete Color Map

# Contour |
Bins
Contour Bin ~ Value
4
nlation

4
1
2
3
4

ting

4.2788
4
1 3
‘T(.O
2 £
=
1
0
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Interpolation

The interpolation option interpolates between the various contour levels and produces
smoother contour plots. There are there interpolation options; none, rough and smooth.
As was the case with ‘Quality - High’, choosing ‘Smooth’ takes longer time for plotting

but gives higher graphical resolution. This is illustrated in the plots below

Interpolation

rough N v
7‘\6

none

L]

smooth

) Velocity Magnitude, Z-Slice
File Edit View Insert Tools Window Help

DEeEE XA 2/ B2 D06 L Y
AN IR A YA - @ Y @

Velocity Magnitude at Z= 2.5

CEX

3.5

2.5

.5

0.5

Interpolation - None
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File Edit Yiew Insert Tools Window Help
DEEE A2/ 200 DFE My B

t.*te

Sk T A a BB S 4 ¥ @

Yelocity Magnitude at Z= 2.5

3.5

0.5

Interpolation — Rough

File Edit Wiew Insert Tools Window Help

DEeEE NA A/ B2 DF B My L By

MK T A& EEE 9 % @
Welocity Magnitude at Z= 2.5

35

0.5

Interpolation — Smooth
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Lighting

The lighting used in the 3D plotting functions can often produce distortions from the
plotted contours to what is seen in the color bar. Turning off the lighting removes this
distortion. Note that smooth interpolation requires lighting to be on.

With lighting turned on.

With lighting turned off.
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Streamlines

The resultant vector field from QUIC URB can be visualized as streamlines by pressing
the streamlines button under QUIC-URB Visualizations

Wind

[ Yectors

Contours

Streamlines

Pathlines

[ Yelocity Profile

VIS-GUI provides the user the option of viewing the streamlines in various planes. For
Plot Options

additional plot options, press ‘Plot Options’ as was described in
the previous sections. This launches a window with additional streamlines plot options.
The various plot options for streamlines are shown below.

Streamline |
Density:|

Line Width:| 1

Color: -
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Streamline Density

Streamline Density provides the user the option of increasing or decreasing the density of
streamlines in the plots. This is shown below.

Streamline
Density:

Line Width:| 1

10

Color:!l

Streamlines at z=1.5

185



Streamline
Density:

Line ¥Width:, 1

Calor:

50

Streamlines at z=1.5

186



Pathlines

Pathlines of the wind field can be visualized by pressing the pathlines button under
QUIC-URB Visualizations

Wind

Yectors

Contours

Streamlines

Pathlines

Yelocity Profile

This bring up a window with pathline options

# of Particles 1
Particle X (m) Y (m) Zm)
O~ | | OE |

1 0.5 0.5 0.5

Select Release Points

Reset Coord's

Show Streamlines at Z=05m

Streamline Plot Z Value
0.5

The maximum number of particles that can be released is 64. Enter the number of
particles between 1 and 64 in the ‘Number of Particles’ window

# of Particles | B4
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Choose the location of each particle by either entering the X, y and z co-ordinates of the

. Select Release Points |
location of choose the ‘Select Release Pts’ button

.y Select Rel Point ,
Clicking the ‘Select Release Pts’ SN SR ’ button brings up

a window where the user can select the release points with the cursor.
) Streamline Plot !EH

File Edit View Insert Tools Window Help

T = W= AR R A= o o T

[Sxsaadace 209 0D %O

NV

800 N

N/

600

N

400

200 V4

N

If entering the X, y and z coordinates, press the 'Plot' button Qi . This plots the

pathlines at the specified locations.
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Pathline Plot

To view the streamlines, enter the value of the location of the steamlines in the

‘Streamline Plot Z Value’ window or use the ‘Position location’ button to
navigate to the desired location

Streamline Plot Z Value
0.5
[ < JL > |

To view the streamlines at the same locations as that of the pathlines, select the location
of the pathlines. This by default changes the location of the streamlines to that of the
pathlines in the ‘Streamline Plot Z Window’ and the ‘Show Streamlines at Z’ button.
This is shown below.
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# of Particles 3
Particle X (m)

¥ (m) Z(m)
1 A5 Al15 Al 12 A
2 25 25 2
3 5 5
5 o
’ > % 5 Location of
Select Release Points Streamllnes and
pathlines
Reset Coord's
Show Streamlines at Z=55

Streamline Plot Z Yalue
5.5

L=< JL > J

Plot I Hold

Clear

. . . Reset Coord's
To reset the particle coordinates, click the ‘Reset Coord’s’ buttonl

This will bring up a pop up window as shown

J Reset All Coordinates?

This will reset ALL particle coordinates.

[ Reset ] Cancel

Click on ‘Reset’ to reset the coordinates
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Velocity Profiles

Velocity profiles can be viewed by pressing the ‘Velocity Profiles’ button..

Wind

Yectors

Contours

Streamlines

Pathlines

Yelocity Profile

Line profiles at a particular location and along a particular axis can be viewed by
selecting the particular axis. This is shown below.

Time

X Walug————

0.5 5.5 29.5

(<< )= J[= (=]

O Make X variahle
Y Value
0.5 255 295

(=< < )= (==
O Make Y variable
ZValug———

(&) Make Z variahle

‘Making Z variable’ plots the velocity profiles with respect to Z axis (vertical direction).
Plot Options J

For additional plot options, click the ‘Plot Options’ button

The figure below shows the velocity profiles at a particular location.
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File Edit View Insert Tools Window Help
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The user can choose to plot any of the three velocity component at a particular location

all three

by selecting or deselecting the respective components. For the figure above,

velocity components were plotted.
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Scale: 1

Line Width:| 1

Line Marker
Color  gtyle Style

u [l solic
MY B solid
= w [l solid
R |l solid

no m...

no m...

no m...

LS

v
v
v
v

no m...

2D
3D Comparative
3D Directional

Deselecting all the three components and selecting only the Rake (‘R’) plots the location
where the velocity profiles were intended to be plotted.

Selecting ‘2D’ plots the velocity profiles on a 2D plane
Selecting ‘3D Comparative’ plots the velocity in the 3D domain
Selecting ‘3D Directional’ gives the user the directional velocity profile

Consider the case where only the ‘V’ component is being plotted. For this case, the
aforementioned plots are shown.

Line Marker
Color  style Style
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) 2D Comparative View Q@@

File Edit View Insert Tools Desktop Window Help N
DS N RAODRL- 3| 0E) mDE B s Y]

N vasdE oL ¢ D L
Yelocity Profile along Z at (x,y) = [5.5 25.5]

— ' :
- A S S S -
20t
7{RENEE N S N S - —
s
P N S —
R e R R R
e e
81 ..........
L
4n?"""";"""""L;iq;%""""J"""""j ___________ ; __________
: : : e : :

“elocity, Scale = 1

) 3D Comparative View B@@

File Edit WYiew Insert Tools Deskiop Window Help ~

NEdL | ? RAOWDEAL- 2| 0E| @a@e sty k[

SR EIAE % ©

Comparative Velocity Profile along Z at (x,y) = [5.525.5] Scale=1
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J 3D Directional View Q@@

File Edit WYiew Insert Tools Deskiop Window Help
NEES L RAODEL- Q| 0E aDE:Es [ &[]
NS A LB R € LE 9 % ©

Directional Velocity Profile along Z at (x,y) = [5.525.5] Scale=1

N

QUIC PLUME VISUALIZATIONS

Below are the toggle buttons corresponding to the QUIC-PLUME data visualizations

Plume

Particles

Contours

3D Plume

Deposition

QP Profile
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Particles

To view the locations of the particles released at a particular time step, press the
‘Particles’ button.

The user can select the time at which he / she wishes to see the particle positions by
entering the value of time in the ‘Time’ window or by navigating using the ‘Time

Selection’ buttons .

Time

o | 0 |
(<)< J(=J(=>]

QUIC-Plume Particles - Time: 500.000

For additional plot options, click the ‘Plot Options’ button IO EIE
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Coloring Airborne Particles

The ‘Airborne Particles’ option provides the user of visualizing the particles based on
various properties. This is illustrated through the figure below.

Airborne Particles
Single Color

Single Color

Color by Mass

Color by Size

Color by Size Range

Color by Mean Yelocity
Color by Turb. Mom. Trans.
Color by TKE

Color by Concentration
Color by Dosage

Color by Source #

QUIC-Plume Particles - Time: 16.000

X
Single Color
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Color by Mass of Particle

Color by Size of Particle
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Color by Mean Velocity

Color by Dosage
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Quality

The quality option if for enhancing the graphic effects of the plots. Choosing ‘High’

gives better graphical resolution but takes longer time.

Quality: [High 'I

Size:

Quality — High
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Size

Size determines the size of the particles plotted.

Quality: m
Size: | 2

Size =2

Quuality: m
Size: I 12

Size =12
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Deposited Particles

If the deposition velocity was not set to 0 in the Source Setup GUI, the deposited
particles can be plotted with the airborne particles. Currently the deposited particles can
only be plotted as a single color. In the plot below the yellow particles are the locations
where material has been deposited on the surfaces and the red particles are airborne.

J QUIC-PLUME Particles Q@@

File Edit WYiew Insert Tools Deskiop Window Help N

DEds h QRANS|[E DB 8 OF sy L[y
WMo aaLE[C L€ @ @
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Contours

Results from QUIC-PLUME can be visualized as contour plots. To do so, click the

‘Contours’ button

Contours of Concentrations, Dosages and Thresholds can be plotted at different time
intervals and along various planes by selecting or deselecting the various options shown

below.

Time

5

20

20

(=<l < J[= J>>]

— X Yalue of YZ Plane—

o [

29

(<< =< J[ > J(>>]

— Y Yalue of XZ Plane—;

1

1

29

(<<= J[> J(>>]

— £ Yalue of XY Plane—

0.5

1.5

235

(<)< J[= (==

[ Concentration

v

Concentration 3t Z= 1.5 (meters) Time = 500 (sec)

X

Contour of Concentration along the X-Y plane

o1

stion (9/r)
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Contour of Dosage along the X-Y plane

Contour of LCT levels along the X-Y plane
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For additional plot options, click the “Plot [ e s

Options’ button Plot Options Wind Show Legend

[ “ectors ] [[] Show Buildings
This brings up a window that has the [ . J [[] Show Yegetation
additional plot options for viewing _
contour plots using QUIC PLUME. This [ ez ] [] Figure Toolbar
is shown to the right. [ Pathlines ]

[ Velocity Profile ] Plot Plume Only

The popup menu just below the position FlEEnelneg ey

. Plume

controls selects the source data that is t.o [] Limit Plats to

be displayed: concentration, dosage, toxic Particles ] ’El 1 microns 2
load, or internal dose. Contours

3D Plume ] O lIsolines
Deposition l ® Flat (20)

Concentration k |

Concentration

Dosage

e ———

Toxic Load QP Profile l O EiEEE (BD)
Line YWidth
Intemal Dose | Oz r |:|
. QOuter Grid Colorbar Limits
Data types other than concentration can b§ Time Olinear ® Log
plotted by discrete thresholds or probit ®Ate O Manual
slope values in addition to plotting just the J ot

data. [<( ][ < ][ = ][ - ] rmin max
— ¥ Yalue of YZ Plane— I I

5] | |defaut v

. Dosage v ] 1

-

[[] Discrete Colartdan

Thnetsholds — ¥ Yalue of XZ Plane— Select Source

Probit Slope 1 IIl 29 Data Type

' ' (<< )< (= J(=>]
If t‘dlscrete thrlesl;o(lldsth or Tpr(')b.ltt SII)OI:e  7alue of XY Plane—
options are selecte e Toxicity Data Interpolation
Editor button becomes active. 0 239 /{{ou h v‘
I
T Dosage B } IConcemmion v Lighting
OFF v|

Thresholds vl
& Opacity = 100%
) <| ]

Plot || Hold || CI Divide
The threshold levels and probit slope [ - H : " ear] Output by: E
values can be modified from the Toxicity | [Auto Update Plots

Data Editor without having to rerun Eicsli 71 D Ees Ekd
QUIC-PLUME since this is a post- [ Close Al Plots ] [[] Show Topology

processing step. opo Levels
| aQuic Movie Tygy Lozl E

[ Plot Options l[ Buildings/Ground ]
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Plot Plume Only

Selecting the ‘Plot Plume Only’ plots the plume alone. Deselecting it adds a color to the
surface. This is shown below.

500

Plot Plume Only

Concentration at Z = .5 (meters) Time = 500 (sec)

A0

Deselecting Plot Plume Only
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Plane Integrated

Selecting the ‘Plane Integrated’ option integrates the contours of concentration or dosage
or thresholds either laterally, longitudinally or vertically. That is to say that if the user
wants to view the plane integrated concentration along the X-Y plane, it would be the

result of all the concentrations integrated along the vertical planes (along all the
columns).

0.1
S
£
100 =
S
®
=
[s1]
Q
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o
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0.001

Without Integrating into the Plane

01 ‘E
‘P‘l
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Q
z

noo1 &
T

With Plane Integration
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Plotting Discrete Threshold Contours

Selecting "Thresholds' in contour plot type popup menu will produce a plot of the selected
plume data type (dosage, toxic load, or internal dose) using the discrete thresholds
defined in the Toxicity Data Editor. Below is an example of an airborne dosage discrete
threshold plot.

) QUIC-PLUME XY Dosage Threshold Plot H=E3
File Edit WYiew Insert Tools Desktop Window Help N

DS K AROVOR -2 |[0E| mOEy By s L[]
SNH S A A SR € L9 % @

Ict30
lct50

icts0

ict0s

< jctds
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Plotting Probit Slope Contours

Selecting 'Probit Slope' in contour plot type popup menu will produce a plot of the
selected plume data type (dosage, toxic load, or internal dose) using the selected
continuous probit slope dose response curve defined in the Toxicity Data Editor. The
probit slope response curve is selected from a popup menu below the plot type popup
menu.

' Dosage v I

Probit Slope v
et v) ﬂ

Below is an example of an airborne dosage discrete threshold plot.

) QUIC-PLUME XY Dosage Probit Plot M=E3
File Edit Yiew Insert Tools Desktop Window Help N
NEEdS (N RAODEL-Q|0E | m@eBs s k[
WK AA SR € L[Ee @ % Q@
LCTI0
LCTEO
LCT70
JLcTED
JLcTED
JLcT4n
LCT30
LCT20
LCTI0

The other plot options are similar to those described in the previous sections
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3D Plume Visualization

To view the plume in 3D, press the ‘3D Plume’ button.

Plume

Particles

Contours

3D Plume

Deposition

QP Profile

3D plume visualizations can be either isosurfaces, 2D textured smoke slices or 3D smoke
volumes. The type of plot is selected using the popup menu and the type of data
visualized is selected using the radio buttons seen below. Select a time at which the
plume needs to be plotted by either entering the values manually or by using the time

selection button

Time

5 3 20

(=<l < J[ = J(>>]

Plot Type

Isosurface v
Dosage v
Data v

Isosurface Value

d d

1e-006 1.00e-+102

1e-006 | 97s/m’3
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Isosurface

If the isosurface plot type is selected the isosurface value slider and edit box will be
enabled.

Isosurface Yalue

4 »

1e-006 1.00e+002
1e-006  |97s/m’3

For additional plot options, click the ‘plot options’ button. Similar to contours, the
opacity and quality of the isosurface can adjusted. In addition, when the color map
option is selected for an isosurface caps are added where the plume leaves the domain.

) QUIC-PLUME Concentration Isosurface g@@
File Edt View Insert Tools Desktop Window Help ~
DS K RQAN® || 08| 8 08B s L[]

SIE S A A BB C e ® % @

Single Color Isosurface
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) QUIC-PLUME Concentration Isosurface @@@
¥

File Edit View Insert Tools Desktop Window Help
DS b RaN® €| 0E| =8Oy LY
P asdd et 9 ODLO

0.1

0.0

r -{0.001

0.0001

1e-005

Color Mapped Isosurface with end caps

2D textured Smoke Slices

The 2D textured smoke allows the user to see the entire plume at once rather than a single
isosurface. The 2D textured smoke option produces color mapped slices of the plume.
The code will chose the orientation of the slices for optimal visualization of the plume
given the current orientation of the figure. If the plot is reoriented after plotting the 2D
slices will be evident as seen below.

) QUIC-PLUME Concentration lsosurface FEX
,.

File Edit View Insert Tools Desktop Window Help
DEEE KRN £ (08 8 OB L[]

S S AaSER CEee9 D LO

01

001

(0.0001

1e-005
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2D textured smoke plot before reorientation.

) QUIC-PLUME Concentration lsosurface FEEX
Eile Edt View Insert Tools Desktop Window Help ~
DEE& K RAN® |0 |8 OFEs Iy k(Y]
SNE S AR L E 9 OD LO

01

001

0.001

i0.0001

10005

2D textured smoke plot reoriented to show the slices of the plume.
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3D Textured Smoke Volumes

This option is very similar to the 2D textured smoke slices but it is not orientation
dependent. It is, however, more computationally intensive and does not produce as
vibrant of colors because there are more transparent patches used to produce the volumes.

) QUIC-PLUME Concentration Isosurface Q@@
N

File Edit VYew Insert Tools Deskkop ﬂinduwﬁﬂelp .
DeEs |RANS |08 =0k L

W AAEE € L€ ? %@

P

0.1

- -|0.001

0.0001

1e-005

3D Textured Smoke volumes of the plume.
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Surface Deposition

If the deposition velocity was not set to 0 in the Source Setup GUI then the surface
deposition plot will be available. Similar to the airborne concentration/dosage fields, one
can either plot the surface fluxes or thresholds. The thresholds can be discrete or can be
continuous through the use of probit slope population response curves. An example of a
surface deposition plot is shown below.

) QUIC-PLUME Surface Deposition Contour Plot Q@@
File Edit View Insert Tools Desktop Window Help N
g de | B ARKXKODE - |0E @O0 By Iy k(&
N I RAAE % @
0.1
0.01
10001
o™
£
=
40.0001 =
(S
o
w0
[
1e-005 =
1e-006
1e-007
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QP Profile

QP Profile enables the users view the concentration profiles in 2D and 3D planes

Line profiles of concentration at a particular location and along a particular axis can be
viewed by selecting the particular axis. This is shown below.

, Time‘
5 A 5 | 20
(=<l < )= (==

X Valug————
1 1 29
B3| K3 ER E

O Make X variahle

Y\/’alue
<<] > ] ]

O Make Y variable

ﬁZValue

() Make Z variahle

‘Making Z variable’ plots the concentration profile with respect to Z axis (vertical
direction). For additional plot options, click the ‘Plot Options’ button

| Plot Options ]

Selecting ‘2D Profile Plot’ (12D Profile Plot plots the concentration profile in the 2D
plane

3D Profile Plot

Selecting ‘3D Profile Plot’ plots the concentration profile in the 2D

plane

This is shown below
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) Concentration Profile
File Edit View Insert Tools Window Help
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Plot controls

The example streamline figure below shows the different options for manipulating the

plot. The controls are standard Matlab features.

Zoom controls. Click on icon then

Print
image

on area desired for zoom. (Not
Recommended for 3D Plots use
Camera Controls instead)

Reset veiw

) Streamlines, Z-Slice
File Edit Vwew Insert Tools Window %

Stop Camera
Movement

Camera Controls,
e.g., rotate view,
zoom in/out, move

figure.
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QUIC Movie GUI

QUIC Movie GUI is
‘ QUIC Movie

accessed by pressing the QUIC Movie button

’ at the bottom of the Visualization GUI. This GUI can be used
to save animations of the graphical output of the QUIC Visualization GUI as animated
GIF files, AVI movie files or numbered .jpg, .png, .bmp, or .tif files. The QUIC Movie
GUI is shown below.

Al B Base Output File
Help Name

| v

EEX

’ manual0l l

%al Mode

Snap Frame |

QUIC-PLU
Source Figure Selector
Hold Constant
v
o el b
W Acquire es I
W Image Capture
Frg Quality W Mode Selection
: Total
7 # FRAMES ,
Wiovie o Tes Polar Interp
K CAMERA
FRAME # X N
Output File 1435035 Jf 152]
Controls « CAMER&‘

Acquire Frames |

Finish Movie |
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Image Capture Modes

There are three basic modes for capturing animations of QUIC data plots produced by the
Visualization GUI: Manual, Automatic, and Flythrough. Each of these modes will be
discussed in detail below.

Manual Mode

Pressing the ‘Snap Frame’ button in Manual mode simply captures a single image from
the figure selected in Source Figure list box and adds it to the image sequence whose
name is in the edit box above the ‘Snap Frame’ button. Editing the name of the current
sequence will cause any subsequent image captures to be stored in a new sequence with
the new sequence name. In manual mode all modifications to the image are performed
outside of the Movie GUI.

| —

Sequence Name

(%) Manual Mode manual0l €— ||

Snap Frame

Automatic Mode

Automatic mode can be used to automatically capture images while
data (such as changing time or position). When the automatic capty
the automatic controls shown below become active.

(©) Butomatic Mode: auto01
Change 7 v Hold Constant
Startat 05 v MNSA, v
Stopat (19.5 v N v
Acquire Frames

Some plot types have two variables that can be modified such as contour plots which may
have multiple time steps and plane positions. Other plots have only a single variable that
can be changed such as particle plots where time is the only variable. Only one variable
may be cycled through at a time. If two variables are available for the selected plot type,
select the variable to cycle through with the pop-up on the upper-left hand side of the
automatic controls. Then select the start and end values for that variable and select the
value of the variable that is to be held constant. After setting all of the controls, initiate
the frame capturing process by pressing the ‘Acquire Frames’ button. The plot will
automatically cycle through the selected values and add the acquired frames to the
sequence name found in the edit box.
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Flythrough Mode

The perspective of the 3D plots is defined by the camera position (the location of the
observer) and camera target (the point which corresponds to the center of the figure).
Flythrough mode allows the user to automatically modify the camera position and target
over a user-specified number of frames in order to simulate flying through the 3D model.
The flythrough controls are shown below.

() Flythrough Mode fly01
Total () Allow Camera Roll
AR ED () Polar Interpolation
1 CAMERA POSITION
FRAME # b Y <
(N ~ 1336513 | 1461455 |127 2661
CAMERA TARGET
X Y z
v 15 15 9.995
Set Camera Position and Target I
Acquire Frames |

A flythrough frame sequence is produced by setting the total number of frames for the
sequence in the edit box in the upper-left hand corner. The path of the camera position
and target can either be set manually for each frame or can automatically be interpolated
between beginning and ending locations. The camera position and target can be set
manually set with the edit boxes or can be captured from the figure itself using the ‘Set
Camera Position and Target’ button. Select a frame to use as the starting position using
the frame number list box on the left. Manipulate the camera target and position using
the camera controls found at the top of the figure window and save the current camera
target and position by pressing the ‘Set Camera Position and Target’ button. Select an
ending frame with the frame number list box and manipulate the camera position and
target with the camera controls to the ending position and press the ‘Set Camera Position
and Target’ button again to save the end location. Then select the frames to interpolate
between by holding the ‘Ctrl’ button on the keyboard and left-clicking on the beginning
and ending frames in the frame number list box. Once the camera target and position for
the beginning and ending frames have been set and the frames have been selected in the
list box, press the ‘Interpolate Between Frames’ button to automatically interpolate
between the beginning and ending positions in the frames between the two selected
frames. The interpolation defaults to being linear in Cartesian position between the
points but selecting the ‘Polar interpolation’ radio button will cause the interpolation to
be linear in radius and angle of the camera position relative to the target. The upwards
vector of the camera position defaults to being parallel with the z-axis but this can be
modified by activating the ‘Allow Camera Roll’ radio button. After the camera position
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and target paths have been defined press the ‘Acquire Frames’ button to capture the
frames and add them to the sequence name in the edit box at the top of the controls.

Automatic Mode with Flythrough

The automatic and flythrough frame capture modes can be used at the same time to cycle
through the plot variables and change perspective at the same time. When both automatic
and flythrough modes are selected the controls appear as shown below.

(©) Automatic Mode auto01
Change 7 v Hold Constant
Startat 05 v MNiA
Stopat 195 v NIA,

Acquire Frames

(+) Flythrough Mode
Tatal () Allow Camera Roll
AR () Polar Interpolation
CAMERA POSITION
FRAME # X Y Z
E ~| 1386513 | |-146.1455 | (127 2661
2
3 CAMERA TARGET
a ¥
5 o 15 15 9.995

Set Camera Position and Target |

Preview Fly-Through |

The flythrough controls work in the exact same way but the number of frames is
determined by the start and stop values of the variable that is to be cycled through. The
‘Preview Fly-Through’ button can be used to check the paths of the camera position and
target without capturing the images and saving them to the sequence in the edit box.
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Sequence Control

After at least one sequence has been captured the sequence controls become active as
shown below.

Movie Seguences

Move Sequence(s) Up | Copy Sequence(s) |

Move Sequence(s) Downl Delete Sequence(s) |

Rename Sequence I

Preview Movie |

Sequences can be copied, deleted, and reordered to produce the desired movie. After
manipulating the sequences, select the desired sequences and press the ‘Preview Movie’
button. This will replay the selected frame sequences in a new figure.

Press the Finish Movie | button at the bottom of the GUI will prompt the user to

save the animation in the selected file format.

Save Movie file @

Save in: ILj test L| p £ ER-
E [)test_inner
: [)test_outer
My Recent
Documents
€
Desktop

\$

My Documents

ter

& i@

My Network  File name: QUIC_movie_file.gif v Save
Places I J '—I
Save as type: I (*.gif) LI Cancel |

224



DATA EXTRACTOR
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QUIC Data Extractor

The user has the option to output concentration data in column format. Vertical,
horizontal, and time series profiles can be saved, in addition to a plane of data. The text
output option is useful when wanting to compare model results to experimental data, for
example.

test

In the main QUIC window select ‘Data Extractor’
The QUIC Data Extractor Window opens.

J QUIC 5.6

File Tools Options

e 'f‘ B‘ #"@ QUICURE F‘E}? QUICPLUME| iVis GUIY| Data | Pressure| Population
Summary -
¢ | | Project g v[-]| Run Both v Grid(s)
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J QUIC Data Extractor E]‘j @

Nested Grid: Plane Data Plot Type # Contour Lines
Inner Grid QOuter Grid Moninterpolated I . ‘
Available Data Plane Integrated Showy Cell Edges
IU Velocity Vl
() Z Profile X
4 »
O X Profile Kl [
Y (m) 05
O ¥ Profile [ |
Time Series Z(m) : Export File Format
- [7] [ ASCI-TEXT v
Time (s) [ Save ToFil
(O Y-Z Plane | | 2
() X-¥ Plane ‘ Plot Data

e The Data Extractor window has the ‘Available Data’ option. Using the ‘Available
Data’ pull down menu shows the data that can be plotted and saved.
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J QUIC Data Extractor

Nested Grid: Plane Data Plot Type # Contour Lines

Inner Grid Outer Grid Moninterpolated y ‘

Available Data Plane Integrated Showy Cell Edges

U Velocity m

U Yelocity

Y Velocity

W ielocity
YVelocity Mag.
std U Velocity
std WV Velocity
std W Velocity
TKE J
Ux

Diss. Rate
Mixing Length
Cell Type Save To File
Concentration J
Dosage

Toxic Load

Internal Dose

Dosage Threshold
Dosage Probit

Toxic Load Threshold
Toxic Load Probit

Export File Format

J [ASCII-TE}(T

e After selecting certain flow parameter, it can either be plotted using the ‘Plot
Data’ option or it can be saved using the ‘Save to File’ option.

Time=0s, X=05mandY=05m

80 j T
70} b .
1 NN SISNENNINE S SS— .
[0 ----------------- S 7 S —— 4
[ST.) E—— SSSUSSSSSN S A S——— .

N 5

30 __________________ ;L __________________________________________________ -
| RN oSS NI S——— .
[10)| PSR S SO SO .

i | |
82 04 06 08 1

U Velocity (ms™")
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Figure shows the ‘U’ velocity plotted using the ‘Plot Data’ option
e The data can be saved in three formats. They are:
ASCII
MAT files
ArcGIS Grid
Modified ArcGIS Grid (for ArcGIS PEC Tool)

o O O O

Export File Format

ASCI-TEXT [V

MAT-FILE
ArcGIS Grid
Modified ArcGIS Grid (for PEC Tool)

e Select any format and press the ‘Save to File’ button
e On pressing the ‘Save to File’ button, the user will be a directed to folder where
he/she would like to save the files

Save data file @

Save in: ID test_inner LI - Ia_ai( -
é [ﬂ QP_nptotfinal.dat
- [ﬁ] QU_screenout.dat
My Recent
Documents
[
Desktop

L

My Documents

=

L

My Computer
D
My Network File name: I' LCT PF20 Profile X=1 Y=1_T=5.dat LI | Save I
Places

Save as type: | (*.dat) LI Cancel |
/

Make selections for desired data output and press “Save” button. The popup window
for naming the file opens. The default filename contains descriptive information on
the profile or planar coordinates.
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Plume Observations

If a raw plume data type is selected (e.g., concentration, dosage, toxic load, or internal
dose) then the plume observation portion of the Data extractor becomes visible.

J QUIC Data Extractor

Nested Grid: Plane Data Plot Type # Contour Line
~
Available Data Plane Integrated Show Cell Edges ;
Lasah Add Point Remove Point
‘ Aim) ‘ ’ Y {m ‘ £(m)
Unit Conversion Factor 1
® 1 Profiie X (m) UnitLabel|  gime3
»
O x Profile Label  Value
-
O ¥ Profile > — =
O Time Series Z(m) Export File Format Add Threshold | Remove Threshold
_‘I—:_I ’ASCII TEXT v‘ Threshold Value
() X-Z Plane -
Time (s) l : ] Threshald Label
O Y-z Plane . ’ SR Plot Observations
() X-Y Plane Save Ohservation Plots

From here several observation points can be defined and saved for later use. Observation
Add Paint

points are added by pressing [ ] After a point has been the location of the
observation point must be defined. This is done by entering the desired observation
location in the position edit boxes.

X (m) Y im Zim)
15 | 15 || 1

The units of the observation plots can be changed by entering a conversion factor and
modifying the units string.

Unit Conversion Factor 2

Unit Label| New Units

Thresholds can also be added to the observation plots by pressing [ SOIDIEEnI o nd

defining the threshold value (in the new converted units) and adding a threshold label.

Label Value
N

v

| Add Threshold |[Remnove Threshold
Threshold Value| 0,025
Threshold Label|  New
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All of the observation plots can now be plotted simultaneously by pressing
£ Plot Observations

| Below is an example of the observation plots.

) Observation # 1 Dosage Time Series Q@@
File Edit View Insert Tools Deskiop Window Help ~

NEHL (KN ARVOBDEL- 2| 0E @

0.18

Dosage
New

0.16

[ T T s Lt -

D12 frmmmmmm e e e e e b e e e e -

o
=y
i
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
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'
'
'
'
'
'
'
'
'
1
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
:
|

[ e e -

Dosage (New Units)

D06 frmmm e mm e e e e e e b e e -
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002 frmmmmmm e e e e e e e e e i
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Alternatively, all of the plots can be saved to jpg files simultaneously by pressing
[ Save Observation Plots
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PRESSURE GUI
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QUIC Pressure Solver

Selecting ‘Pressure GUI” from the main QUIC window launches the QUIC
Pressure Solver

J QUIC 5.6 test

File Tools Options N
. . N ) , ,
Zlwl Al & @ QUICURB F = | QUICPLUME| Vis GUI | Data | Pressure| Population

Summary -
| | Project o v [-]| Run Both v Grid(s)
J QUIC Pressure Solver test
Pressure Solver Visualization
— Fluid Properties TIME
0 v
Dynamic Visc. | 1.5e-005 | kgims [ ‘
Density | 1.225 | kgim"3 05 [ »|295
o5 |n
Atm. Pressure | 101325 | Pa “
Ref. Velocity Ij mis 05 «|[ »|29s
’ "
— Convergence Pararmeters
Max # terstions | 500 sl »|zs
: :
Max Error | 1.0e-009
[ Pict Streamlines
[ Compute Pressure Field ] [ Plot Surface Contours |

Various fluid properties such as the dynamic viscosity and density can be
specified in the window to the left.

The user can specify the maximum number of iterations over which the Pressure
Poisson Equation should be solved. The default value is 500.

The user can also specify the threshold for maximum error. The default
maximum error is 1e-9.

Compute Pressure Field J button

After setting all the parameters press the [
at bottom of the GUI.
The QUIC Pressure Solver solves the Pressure Poisson Equation for the given

domain and computes the pressure field.
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e Visualization options are found at the right of the GUI.

e To view the pressure contours along a particular plane, enter the value of the
plane (X, Y, or X) or scroll with the sliders until the pressure field along the
desired plane can be seen.

Figure shows the pressures in an XY plane.

e To view the pressure field on the building surfaces, choose
[__Plot Surface Contours |

Figures shows surface pressures.
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e To view the streamlines along with the surface pressure contour, select the

v i .
Plot Streamiines ption.

Figure shows streamlines plotted along with the surface pressure contour

e In case multiple time averaged velocity profiles were input through the MET
Generator, the pressure fields for the different inflow velocity fields can be seen

e

by using the option.
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Population Exposure Calculations
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Population Exposure Calculator

If the project has been properly georeferenced and the domain is within the lower 48
States, the daytime and nighttime population databases that are included in QUIC can be
used to estimate the effect of a release on the local population. To launch the Population

Population
I in the main GUI.

) QUICS5.6 test (=13

File Tools Options

Exposure Calculator press

N
- A
AR" B‘ -/\‘@ QUICURB F‘ Y\x—) QUICPLUME| Vis GUI | Data | Pressure| Population
Summary

g | | Project o v/[-]/| Run Both v Grid(s)

We will use an event reconstruction from an accidental release of ammonia in San
Francisco, CA sometime before 5:45 am PDT to demonstrate these capabilities.
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J Population Exposure Calculator,

#.

b

52

—— Nested Grid———;

[lnner Grid

v

——— Population Data

’LANL Daytime Population ..

Incoor Protec’aon m

“ehicle Protection 0 2

an

D Show Yegetation

[] show Plume Contours

D Showy Background Map
|:] Show Topography Levels:

Total Population

Plot Options

I:I Showy Scale Bar
|:| Showy North Arrowy

E]‘v

|\al

&3

[ show

[ T

Exposed Population
[ show

N

oy v|

et vl

Invert Colormap
Opacity =1

| [+

[] invert Colormap
Opacity =1

4 [

o

[ Plot Population Exposure Results

—

Population
Selection
Controls indoor
Building
Outdoor
Yehicle
Exposure Data
\Airbome Dosage V‘
[[] use Size Restricted Data
Exposure » \Discreie Thresholds V‘
Type
Controls A
v
Time

600

<

=

J

Exposure Results

Airborne Dosage Results ~

AEGL Exposure Summary
AEGL3

Total AEGL3 Area (m”2) = 3200
AEGL2

Total AEGL2 Area (m*2) = 24400

Total Population Exposed to AEGL3 =2

Total Indoor Population Exposed to AEGL3 =0
Total Outdoor Population Exposed to AEGL3 =2
Total Vehicle Population Exposed to AEGL3 =0

Total Population Exposed to AEGL2 =13

Total Indoor Population Exposed to AEGL2 =3
Total Outdoor Population Exposed to AEGL2 =8
Total Vehicle Population Exposed to AEGL2 = 2

Plot Controls

Population Extractor

If population has not been added to the project you must first press

Population Extractor.

Results
Summary

to launch the
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J Population Extractor

Source Database(s)

v
< | >

[ Extract Population

-

1=

<

ILANL Daytime Population v2.6 ‘

[ Newy ][ Copy ][Remove]

Ul L [

Plot Population

Hested Grid
Building
llnner Grid Vl
- v
Inner Grid Geo Data
Origin UTMX (m)  UTM Zone [ Plot Database ]

\ 553000 ‘ 10 v

Origin UTMY (m) Rotation
[ 4166800 ‘ [ ‘

o

The Population Extractor will retrieve the population that pertains to the specific
geographic area of the QUIC domain(s). As such, this can only be done if the project has
been properly georeferenced. If the domain(s) have yet to be georeferenced, this

information can be added now usning the controls in the lower left-hand corner of the
Population Extractor.

—

Press ' to choose a database to extract the population data from, daytime or
nighttime. Both daytime and nighttime databases can be loaded at the same time in the
event that the user desires to add both to the project. This will prompt the user to open
database file(s) from the GISdata subdirectory in the QUIC installation.
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Load Population Database File(s) @

Look in: llf)GISdata j ‘= % B3~

\ S¥N
£ -~
Q 6_| LANL_daytime_population_v2p6.mat

My Recent é_l LANL _nighttime_population_v2p6.mat
Documents

s

Desktop

N

-

My Network  File name: | T I_IDpen
Places l —I
Filesoftype: | MATfies (“mat] ~ _ Cancel |
/

Once the database(s) have been selected and loaded into the GUI the 'Source Database(s)'
list will be populated with the selected database(s).

Yehicle 0.05

LANL Daytime Population w2
< | 3
Incloor
Outdoor
| oss |

Ul Lo 1 P

[ Extract Population

Press the help buttons at the side of the population location fraction edit boxes L' to
receive suggestions regarding the various fractions. Once all of the population fractions
Extract Population

have been defined press [ ] to extract the data to the collecting
boxes and buildings. The LANL population databases included with QUIC consist of
grid cells that are approximately 250 meters on a side. The Population extractor will
attribute the indoor population to any buildings found within a population grid cell by
building volume. Population cells without any buildings in them (usually due to these
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buildings not being resolved) have the indoor population evenly distributed to an indoor
dataset throughout the collection boxes that pertain to that population cell. Outdoor and
vehicle populations are distributed evenly throughout all open collection boxes in the
population grid cell.

Press ict Datakase to plot the selected portion of the population. Examples

of the population plots are shown below:

]

¥ 10
: ! ! : ! 20
4.1688
4.1686 1000
4.1684
4.1682 it g
£ 4168-----4-- 2
- A {600 &
= 41678 =
= =
4.1676 =
4400 ©
41674
41672 500
4167 |-----4-
553 5535 554 5545 555
UTM X (m) 10°

Plot of population associated with individual buildings in the domain.
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416747
416727
4167 1

%10

553 5535 554 5545 555
UTM X (m) e

Plot of the outdoor population in the domain.

10.15

Outdoor Population
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Calculating Exposed Population

Once population data has been added to the project, use the population selection tools to
determine which population groups to include:

Indoor (not associated with individual buildings)

Building specific

Outdoor

Vehicle

——— Population Data

LANL Daytime Population ... ¥
Indoor Protection | g2 ?

Yehicle Protection | 0.2 | 2

Indoor

Building

Outdoor
Yehicle

The exposure data from the infiltration model will be used to calculate the exposures to
population to individual buildings, so the infiltration model (which is off by default) must
be turned on to get an accurate population exposure calculations when there are buildings
in the domain. For the indoor population that has not been associated with individual
buildings and the population in vehicles a dose reduction factor is used to account for the
protection that the building or vehicle provides. This is a gross simplification of the
actual processes which are better modeled by the infiltration model. In the example
shown above the individuals that are indoors (but not associated with individual
buildings) and in vehicles will only receive 20% of the outdoor dosage at that same
location.

Now that the portions of interest from the population database have been selected the
exposure data must be chosen.
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Exposure Data

:Airborne Dosage V‘
[] use Size Restricted Data
»Discrete Thresholds V:
Al
AEGL2
AEGL1
v
Time -
600 | 7200 | 7200
[ =< | > J

The type of exposure data is chosen with the popup menus in the 'Exposure Data' panel.
Select the source data type (dosage, toxic load, internal dose), and discrete thresholds or
continuous probit slope dose response curves. Make sure that you have defined the
exposure data for the selected source data type in the Toxicity Data Editor, which can be

£

accessed by pressing

The inhaled internal dose data can be modified by pressing ﬂ

The exposure time can be selected at the bottom left-hand corner of the GUI.
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